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PNA-DNA CHIMERAS AND 
PNA SYNTHONS FOR THEIR PREPARATION 



Background of the TnvRntinn 
1- Field of the Tnvftntinn 

This invention relates to the field of Peptide Nucleic Acid (PNA) synthesis. More ^ 
particularly, this invention relates to PNA synthons suitable for the synthesis and deprotection of 
PNA-DNA chimeras. 

2- Description of the Backp rmmd Art 

P^de Nucleic Acids (PNAs) are synthetic polyamides which are promising candidates 
for the sequence^pecific regulation of DNA «q,iession and for the preparation of gene targeted 
drugs. See European Patent applications BP 92/01219 and 92/01220 which are herein 
incorporated by reference. PNAs are biopolymer hybrids which possess a peptide-lifce backbone 
to which the nudeobases of DNA are attached. Specifically, PNAs are synthetic polyamides 
comprised of repeating units of the amino add, N-(2-anMnoethyl)-glycine, to which tiie 
nudeobases adenine, cytosme, guanine, thymme and uradi are attached through a methylene 
caibonyl group. Otiier natural and mmatural nudeobases. sudi as pseudo isocytosine, S-metiiyl 
cytosine, pseudouradl, isocytosine, hypoxaathine and 2,6-diaminopurine, among many otiiers, 
also can be Incorporated in PNA synthons (see Figure 8). 

PNAs are now routinely synthesized firom monomers (PNA syntiions) protected according 
to the t-Boc^enzyl protection strategy, wherein the badAone amino group of the growing 
polymer is protected with the t-butyloxycarbonyl (t-Boc) group and the exocydic amino groups 
of the nudeobases, if present, are protected with the benzyloxycaibonyi (benzyl) group. PNA 
synthons protected using the t-Boc^enzyl sti^tegy are now commerdafly available but are 
inconvenient to use because, among other reasons, harsh addic conditions are required to remove 
these protecting groups. 

The t-Boc/benzyl protection strategy requires veiy strong adds to remove all of the benzyl 
side chain nucleobase protecting groups. Typically, PNA oligomers are exposed to hydrofluoric 
add or trifluoromethane sulfonic acid for periods of time often exceeding onehour to completdy 
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remove the benzyl side chain protecting groups. This harsh acid treatment needed for final 
deprotection will often decompose, among other acid sensitive moieties, nucleic acids and 
carbohydrates which might be attached to the nucleic acid oligomer. Furthermore, the use of 
Wdous acids such as hydrofluoric acid or trifluoromethane sulfonic acid is not commerciaUy 
embraced in view of safety concerns for the operators and the corrosive effect on automation 
equipment and lines. The above described harsh conditions are particularly unsuitable for the 
synthesis of nucleic acids since the strong acid deprotection conditions will at least partiaUy 
decompose nucleic acids. 

In addition, the t-Boc/benzyl protection strategy is not orthogonal but differential. A 
differential strategy is defined as a system of protecting groups wherein the protecting groups are 
removed by essentially the same type of reagent or condition, but rely on the different relative • 
rates of reaction to remove one group over the other. For example, in the t-Boc/benzyl 
protecting strategy, both protecting groups are acid labile, with benzyl groups requiring a stronger 
acid for efficient removal. When acid is used to completely remove the more acid labile t-Boc 
protecting groups, there is a potential that apercentage of benzyl groups will also be removed 
contemporaneously. Specifically, the t-Boc protecting group must be removed from the amino 
group backbone during each synthetic cycle so the next monomer can be attached to the backbone 
at the fi-ee amino site thereby allowing the polymeric chain to grow. The deprotection of the t- 
Boc amino protected backbone is accomplished using a strong acid such as trifluoroacetic acid. 
During this deprotection and subsequent construction of the PNA oligomer, removal of the 
nucleobase side chain protecting groups. i.e.. the benzyls, is undesirable. However, trifluoroacetic 
acid is potentially strong enough to prematurely depmtect a percentage of the side chain benzyl 
groups, thereby introducing the possibility of polymer branching and leducmg the overaU yield of 
desired product. 

An orthogonal strategy, on the other hand, removes the pwjtecting groups under mutually 
exclusive conditions. e.g.. one group is removed wifl> acid while the other group is removed with 
base. Breipohl etal. have described an orthogonally protected PNA synthon using 9- 
fluotenyhnethyloxycarbonyl (Fmoc) as the backbone protecting group and a triphenylmethyl 
(trityl) group as flie side chainnucleobase protecting group. Breipohl et al. 1st Australian Peptide 
Conference. Great Barrier Reef. Australia, October 16-21. 1994. This protection methodology, 
however, is incompatible witii standard nucleic add syntiiesis methodology. 
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Christensen et al. have described orthogonal PNA synthons wherein the t-Boc amino 
backbone protecting group is removed in strong acid then reprotected with 9- 
fluorenylmethyloxycarbonyl (Pmoc), a base labile protecting gmup. Christensen. L. et al. 
"Innovation and Perspectives in Solid Phase Synthesis and Complementaiy Technologies- 
Biological and Biomedical Applications," 3rd SPS Oxford Symposia (1994). Although this 
protection strategy eliminates the potential for premature deprotection of the exocyclic amino " 
group of the side chain, nucleobase, extra steps are involved in preparation of this monomer. 
AdditionaUy, strong acids such as hydrofluoric acid or trifluoromethane sulfonic acid stiU ai^ 
required to remove the benzyl side chain protecting groups. 

Nuddc acids (DNA and RNA) at. now routinely synthesized using automated machines 
numerous synthesis supports and various protection chemistries. The followmg U.S patents 
cover a broad range of differing supports and protection chemistries and are herein incorporated 
byreference. U.S. Patent Nos. 5.262,530; 4,415,732; 4.458,066; 4,725,677 (RE 34.069); and 
4.923.901. Automated equipmentand reagents are commercially avaUable from PerSeptive 
Biosystems. Peildn Ehner (AppKed Biosyslems Division) and Pharmacia. Special 5'-amino 
synthons are described in Smith et al.. Nucleic Acids Res. (1985) 13:2399 and in Sproat et al 
Nucleic Acids Res. (1987) 15:6181. Special 5'-thio synthons are described in Sproat et al ' 
Nucleic Acids Res. (1987) 15:4837. The reagents described in the above references are suitable 
for use on standard DNA synthesis instruments. 

The preferred conimereial method for nucleic acid synthesis utilizes the above reagents 
and methods as generally described by Koester et al. in U.S. Patent No. 4.725.677 (RE 34.069). 
ConsequenUy. the preferred synthons are P-cyanoethyl phosphoramidites having acid labile' 
protection of the backbone 5' hydroxy] greup and base labile acyl-type protection of the exocyclic 
amino groups of the nucleobases. 

Hic preferred acid labile backbone protecting group is 4,4'-dimethoxytriphenylmethyl 
(DMT). DMT is typically chosen because it can be removed farily rapidly (1-3 mintues) during 
each synthetic cycle with solutions containing 1-4% dichloroacetic acid or trichloroacetic acid in 
dichloromethane. Protecting groups with increased acid labihty compared to DMT are 
susceptible to premature deprotection durmg the acid catalyzed coupling reactions (tetrazole is 
typically the acidic species). Protecting groups with decreased acid lability compared to DMT 
require longer reaction times and/or harsher reaction conditions for complete removal. Generally 
harsher acidic deprotection conditions are avoided since tiie purine nucleobases are particularly ' 
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susceptible to decomposition in acid. Although the aforementioned problems with protecting 
groups and synthetic conditions may be minima] during each synthetic cycle, the cumulative effect 
can generate significant impurities in oligonucleotide synthesis. Accordingly, as the length of the 
oligonucleotide increases, its purity tends to decrease. 

CJenerally. base labile protecting groups are utilized for protection of the exocyclic amino 
groups of the nucleobases so that an orthogonally protected nucleic acid synthon results. The 
base labile protecting groups typically remain a part of the growing nucleic acid chain, then are 
removed simultaneously with the cleavage of synthesized nucleic acid from the solid supporti A 
concentrated ammonium hydroxide solution is often used for the "deprotection and cleavage 
step." Koester et al. used base labile acyl-type protecting groups which are usuaUy treated for 6- 
24 hours at elevated temperature (about SS^C) for complete removal of these nucleobase 
protecting groups. Other protecting groups have been developed which are removed under the 
same conditions but in less time (from about 15-60 minutes). Examples of these improved 
protecting groups include phenoxyacetyl, t-butyl phenoxyacetyl and ammdine-type protecting 
groups. While these protecting groups have increased base lability, typically only the time 
necessary for removal is reduced. 

Following from the above discussion, PNA synthons suitable for the construction of 
various nucleic acid oUgomers should be compadble with current DNA syntfaeic methodologies so 
existing techniques and equipment can be utilized. Specifically, an appropriately acid labile 
protecting group for backbone protection and an appropriate base labile protecting group for 
nucleobase protection need to be incorporated into the design of a PNA synthon. The abiUty to 
syntheisze PNA synthons to meet the above requirements would allow various combinations of 
nucleic acids to be routinely synthesized and. consequenUy, allow the expansion of scientific 
investigations intoi the utility of these complex molecules. 

Another cunent limitation on the synthesis of PNA synthons is the fonnadon of the side 
chain nucleobase protecting group. Generally, the exocyclic amino groups of the nucleobases, 
e.g.. cytosine, adenine, and guanine, are protected as carbamates via reaction with activated 
carbonates or chloroformates. This method of carbamate formation suffers from the disadvantage 
that many chloroformates are unstable or that the chloroformates are not appreciably reactive 
with the mfldly nucleophiUc exocyclic amino groups of tiie nucleobases. Other methods of 
carbamate formation used for nucleobases include tiie use of imidazoUdes and alkyl imidazolium 
salts as acylating agents. §ee Watkins et al. J. Org. Chem.. (1982) 47:4471-77 and Watidns et 
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al.. J. Am. Chem. Soc, (1982) 104:5702-08. While imidazolides and alkylated imidazolides 
appear to overcome some of the difficulties associated with carbamate formation, their 
widespread use with nucleobases has yet to be reported. RecenUy, the 4-methoxy-triphenylmethyl 
(MMT) group was presented as another exocyclic amino protecting group for PNA synthon side 
5 chain nucleobases. Breipohl et al. 1st Australian Peptide Conference, Great Barrier Reef, 

Australia. October 16-21. 1994. The MMT group, however, is not a carbamate protecting group. 

In addition to the above, the synthesis of a selectively protected guanine PNA synthon has 
been elusive. The reported guanine PNA synthons are protected as 0-6-benzyl ethers but - 
optionally possess benzyl protection of the exocydic 2-amino group. See European Patem 
10 Application EP 92/01219 and United States Patent AppUcations PCT/US92/10921. Given the 
relative reactivity of the C6 carbonyl group (enol form) and the more reactive exocyclic 2-amino 
group, there is no compelling reason for protecting the C6 carbonyl group during PNA synthesis, 
whereas protection of the more reactive 2-amino group is preferred. There is presently no known 
method for synthesizing a guanine PNA synthon having selective benzyl protection (or other 
15 carbamate protection) of the exocyclic 2-amino group of the heterocycle. 

The benzyloxycarbonyl group has been utilized in DNA synthesis for the protection of the 
exocyclic amino groups of the nucleobases cytosine, adenine and guanme. See Watkins et al, J. 
Org. Chem.. (1982) 47:4471-77 and Watkins et al.. J. Am. Chem. Soc, (1982) 104:5702-08. 
Nonetheless, the guanine synthon was difficult to prepare because the exocyclic 2-amino group of 
guanine was not reactive toward reagents routinely used to introduce the benzyl group, such as 
benzyl chlorofotmate. benzyloxycarbonyl imidazolide and N-alkylated benzyloxycarbonyl 
imidazole. Consequently, a non-conventional multi-step procedure was described wherein 
treatment with phenyl chlorothioformate simultaneously protected both the C6 carbonyl group 
and the exocycKc 2-amino group. Thereafter, the adduct was converted to a carbamate protected 
guanine compound whereby the C6 carbonyl protecting group was subsequenfly removed. 
Nonetiieless, this indirect method is laborious because it requires the formation of a carbamate 
protecting group from the initial adduct and the subsequent deprotection of the C6 carbonyl 
group. 

Suitably protected derivatives of 2-amino-6-chloropurine may be converted to guanine 
compounds by displacement of the 6-chloro group with oxygen nucleophiles. See Robms et al, J. 
Am. Chem. Soc. (1965) 87:4934. Reese et al., Nucl. Acids Res., (1981)9:4611 and Hodge et 
al.,J.Org. Chem.. (1990) 56:1553. Indeed, suitably protected derivatives of 2-amino-6- 
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chloropurine are the starting materials currently described for preparation of the reported guanine 
PNA synthons. Sse European Patent Application BP 92/ 01219 and United States Patent 
Application PCX/ US 92/10921. 

The inventors of PNA describe a guanine synthon having no protection of the exocyclic 2- 
amino group but having the C6 carbonyl group protected as a benzyl ether. See European Patent 
Application EP 92/01219. This protection strategy is surprising because the more reactive 2- 
amino group win hkely react (at least marginally) with the activated carboxylic acid group of 
other PNA monomers, thereby causing branching of the synthesized polymer. Conversely, the 
end. which exists when the C6 caibonyl group remams unprotected, is not reactive enough to 
result in polymer branching and therefore should require no protection. Consequently, but for an 
inabiUty to protect the exocycUc 2-amino group of guanine, the inventors chose an approach 
which is inconsistent with t-BocAxazyl protection strategy they employed for the other PNA 
synthons. 

In a more recent patent application, the guanine PNA synthon has both benzyl protection 
of the exocyclic 2-amino group and a C6 carbonyl group protected as a benzyl ether. See United 
States Patent Application PCT/US 92/10921. As previously discussed, there is no compelling 
rationale for protectmg the 06 carbonyl group of the guanme PNA synthon. However, protection 
of the C6 caibonyl group enables selective ionization of the exocyclic 2-amino group of the 
guanme heterocycle thereby facilitating the reaction of the ionized 2-amino group with 
conventional benzyl protecting reagents (e.g. benzyloxycarbonyl imidazole). Nonetheless, 
protection of the exocyclic 2-amino group occurs on a guanine derivative additionally protected at 
the C6 carbonyl group of the nucleobase. Thus, the resulting synthon has both exocyclic 2-ammo 
group and C6 carbonyl group protection. Hence, there remains no reported convenient high yield 
synthesis ofaguanme PNA synthon having seketive carbamate pro^^^^ 
amino group, wherein the C6 carbonyl group remains unprotected. 

Solid phase peptide synthesis methodology is applicable to the synthesis of PNA 
oligomers, but often requires the use of harsh reaction conditions unsuitable for DNA synthesis, 
and consequentely, PNA-DNA chimera synthesis too. In the above-inentioned t-Boc/benzyl 
protection scheme, tiie final depiotection of side-chains and release of the PNA molecule from tiie 
solid support is most often carried out by tiie use of strong acids such as anhydrous hydrofluoric 
acid (HF) (Sakakibara. et al.. Bull. Chem. Soc. Jpn., 1965. 38. 4921). boron tris (trifluoroacetate) 
(Pless. et al.. Helv. Chim. Acta. 1973, 46. 1609). and sulfonic acids such as 
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trifluoromethanesulfonic acid and methanesulfonic acid (Yajima. et al., /. Chem. Soc, Chem. 
Comm.. 1974. 107). This conventional strong acid (e.g.. anhydrous HF) deprotection method 
produces veiy reactive carbocations that may lead to alkylation and acylation of sensitive i^<toes 
in the PNA chain. Such side-reactions are only partly avoided by the presence of scavengers such 
as anisole. phenol, din^thyl sulfide, and mercaptoethanol. Thus, the sulfide-assisted acidolytic 
Sn2 deprotection method (Tam. et al.. J. Am. Chem. Soc. 1983. 105. 6442 and J. Am. Chem. 
Soc, 1986. 108. 5242). the so-called "low." which removes the precursors of harmful 
carbocations to form inert sulfonium salts, is frequendy employed in peptide and PNA synthdsis 
eithersolelyorincombinationwith-high-methods. Less frequenUy. in special cases, other 
methods used for deprotection and/or final cleavage of die PNA-solid support bond are, for 
example, such methods as base-catalyzed alcoholysis (Barton, et al., J. Am. Chem. Soc. 1973. 95. 
4501). and ammonolysis as well as hydrazinolysis (Bodanszky, et al., Chem.. Ind., 1964, 1423) 
hydrxjgenolysis (Jones. Tetrahedron Utt.. 1977. 2853 and Schlatter, et al.. l.trahedron Utt., ' 
1977. 2861) ), and photolysis (Rich and Gurwara. J. Am. Chem. Soc. 1975. 97. 1575)). 

Based on die recognition ftat most operations are identical in the synthetic cycles of soHd- 
phase peptide synthesis (as is also the case for solid-phase PNA). a new matrix, PEPS, was 
recentiy introduced (Berg, et al., / Am. Chem. Soc. 1989, 1 1 1. 8024 and International Patent 
Application WO 90/02749) to facilitate the preparation of large numbers of peptides. This matrix 
is comprised of a polyethylene (PE) film with pendant long-chain polystyrene (PS) grafts 
(molecular weight on die order of 1 06). The loading capacity of the film is as high as that of a 
beaded matrix, but PEPS has the additional flexibility to suit multiple syntheses simultaneously. 

Two other methods proposed for the simultaneous synthesis of large numbers of peptides 
also apply to the preparation of multiple, different PNA molecules. The first of these methods 
(Geysen, et al.. Proc. Natl. Acad. Sci. USA. 1984. 81, 3998) utilizes acrylic acid-grafted 
polyethylene-rods and 96-microtiter wells to immobilize die grov^ing peptide chains and to 
perform the compartmentalized synthesis. While highly effective, the method is only appHcable on 
amicrogram scale. The second method (Houghten, Proc. Natl. Acad. Sci. USA. 1984. 82. 5131) 
utiUzes a "tea bag" containing traditionaUy-used polymer beads. Other relevant proposals for 
multiple peptide or PNA syn&esis include the simultaneous use of two different supports with 
different densities (Tregear, in "Chemistry and Biology of Peptides. "J. Meienhofer. ed.. Ann 
Arbor Sci.. Publ.. Ann Arbor, 1972, pp. 175-178). combining ofreaction vessels via a manifold 
(Gordman. Anal. Biochem., 1984. 136. 397). multicolumn solid-phase synthesis (e.g. Krchnak. et 
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^.,lnt. J. Peptide ProteinRes., 1989. 33. 209). and Holm and Meldal, in 'Proceedinss of the 
20th European Peptide Symposium. " G. Jung and E, Bayer, eds., Walter de Gruyter & Co 
Berlin. 1989. pp. 208-210). and the use of cellulose paper (Eichler. et al., CoUec, Czech. Chem. 
Commm., 1989. 54. 1746). 

While the conventional cK>ss-linked styrene/divinylbenzene copolymer matrix and the 

PEPS supports arepresently preferred in the context of solid-phase PNAsynthesis.anonlimiting 
hst of examples of solid supports which may be of relevance are: (1) Particles based upon 

copolymers of dimethylaaylamide c«,ss-linlced with N,N'-bisacryIoylethylenediamine. including a 

ImownamountofN-tertbutoxycarbonyl-beta-alanylN^acryloyl^^^^^ Several 

spacer molecules are typically added via the beta alanyl group, followed thereafter by the amino 

acid r^duemoietys. Also, the betaalanyl-containingmonomer can bereplaced With an ac^^^^^ 
sarcosme monomer during polymerization to form resin beads. The polymerization is followed by 

xeactron of the beads With ethylenediamine to form resin particles that contain primary a^^ 
the covalenUy linked functionality. The polyaciylamide-based supports are relatively more 
hydmphilic than are the polystyrene-based supports and are usually used with polar aprotic 
solvents includmgdimethylforinamide,dimethylacetamide.N-methyl^^^^^^ 
Atherton. et al.. J. Am. Chem. Sac, 1975. 97, 6584. Bioorg. Chem. 1979. 8. 351) and J C S 

Perldnl538 (1981)); (2)asecond group of soUd support, isbased on silica-containingparti^^^^ 
such as porous glass beads and silica gel. One example is the reaction product of trichloro-t3.(4- 
chloromethyl)phenyl]piopylsilane and porous glass beads (see Pazr and Grohmami, Ange. Chem. 
IntemalEd. 1972. 1 L 314) sold under the trademark "PORASIL E" by Waters Associates 
I^ngham.MA. USA. Similarly.amono ester of 1.4-dihydroxymethylbenzene^^ 
under the trademark "BIOPAK" by Waters Associates) has been reported to be useful (see Bayer 

and Jung. re.r«Aed..„ 1970. 4503); (3) a third general type of useful solid support^ 

termed compositesin that they contain two major ingredients: aresin and another material that is 
ako substantially inert to the organic synthesis reaction conditions employed. A preferred support 
of this type is described in U.S. Patent No. 5.235.028 which is herein incorporated by reference 
One exemplary composite (see Scott, et al.. 7. Chrom. Sci., 1971 . 9. 577) utilized glass particles 

coated withahydrophobic.cr«ss-linkedstyrenepolymer containing reactivecWoromethylgro^ 
a«dwassuppUedbyNorthgateLaboratories.Inc..ofHamden,CT.USA. Another exemplary 
composite contains a core of fluoxinated ethylene polymer onto which has been grafted 
polystyrene(see Kent andMertifield. Israel/ Chem. 1978. 17.243)and vanRietschotenin 
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Teptides 1974." Y. Wolman. Ed.. Wiley and Sons, New York, 1975. pp. 1 13-116); and (4) 
continguous solid supports other than PEPS, such as cotton sheets (Lebl and Eichler. Peptide 
Res. 1989. 2. 232) and hydroxypropylaciylate-coated polypropylene membranes (Daniels et al 
Tetrahedron Lett.. 1989. 4345). are suited for PNA synthesis as well. ' 
5 While the solid-phase technique is presenfly preferred in the context of PNA synthesis 

other methodologies or combinations thereof, for example, in combination with the soUd-phase 
technique, apply as well: (1) the classical soJution-phase methods for peptide synthesis (e g 
Bodanszky, "PrincipUs of Peptide Synthesis. " Springer-Verlag, Berlin-New York 1984) eiAer 
by stepwise assembly or by segment/fragment condensation, are of particular relevance when 
10 considering especiaUy large scale productions (gram, kilogram, and even tons) of PNA 

compounds; (2) the soK^alled "liquid-phase" strategy, which utilizes soluble polymeric supports 
such as linear polystyrene (Shemyakin. et al.. Tetrahedron Lett, 1965, 2323) and polyethylene 
glycol (PEG) (Mutter and Bayer. Chem., Int. Ed Engl., 1974. 13. 88), is useful- (3) 

randompolymerization(see.e.g..Odian. "Principles of Polymerization, '-McGr^y^-mi New 
15 York (1970)) yielding mixtures of many molecular weights ("polydisperse") peptide or PNA 
molecules are particularly relevant for purposes such as screening for antiviral effects; (4) a 
technique based on the use of polymer-supported amino acid active esters (Fridkin. et al., J. Am. 
Chem.Soc.. 1965. 87. 4646). sometimes referred to as "inverse Menifield synthesis" or ' 
••polymeric reagent synthesis." offers the advantage of isolation and purification of intermediate 
20 products, and may thus provide a particularly suitable method for the synthesis of medium-sized 
optionaUy protected. PNA molecules, that can subsequently be used for fragment condensation ' 
into larger PNA molecules; (5) it is envisaged that PNA molecules may be assembled 
enzymatically by enzymes such as proteases or derivatives thereof with novel specificities 
(obtained, for example, by artificial means such as protein engineering), and one also can envision 
25 the development of "PNA ligases" for tire condensation of a number of PNA fragments into very 
large PNA molecules; and (6) since antibodies can be gemated to virtuaUy any molecule of 
interest, the recently developed catalytic antibodies (abzymes). discovered simultaneously by the 
groups of Lerner (Tramantano. et al.. Science, 1986. 234. 1566) and of Schultz (Pollack et al 
Science, 1986. 234. 1570). also should be considered as potential candidates for assembling PNA 
30 molecules. There has been considerable success in producing abzymes catalyzing acyl-transfer 
reactions(seeforexampleShokat.etal..iVa/«re. 1989. 338. 269 and references therein). Finally 
completely artificial enzymes, very recently pioneered by Stewart's group (Hahn. et al.. Science ' 
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1990, 248, 1544), may be developed to suit PNA synthesis. The design of generally applicable 
enzymes. ligases. and catalytic antibodies, capable of mediating specific coupling reactions, should 
be more readily achieved for PNA synthesis than for "normal" peptide synthesis since PNA 
molecules will often be comprised of only four different amino acids (one for each of the four 
native nucleobases) as compared to the twenty naturally occurring (proteinogenic) amino acids 
constituting peptides. In conclusion, no single strategy may be wholly suitable for the synthesis of 
a specific PNA molecule, and therefore, sometimes a combination of methods may work best. 

■« 

Summary of the Inventinn 

Accordingly, it is an object of this invention to provide a convenient high yield synthetic 
pathway to novel PNA synthons synthons which are compatible with DNA synthetic reagents and 
instrumentation, and therefore, suitable for synthesis of PNA-DNA chimeras. Another object of 
this invention is to provide PNA-DNA chimeras. Still another object of this invention is to 
provide a novel synthetic route to an acid labile protected amino backbone used in the 
5 construction of the above PNA synthons. 

This invention is a method for a convenient high yield synthesis of novel PNA suitable for 
synthesis of PNA-DNA chimeras. While the invention will be directed towards PNA-DNA 
chimeras, a PNA-RNA chimera or other various combinations are equally accesible using the 
PNA synthons and methodology of this invention. A PNA-DNA chimera is an oligomer that is 
composed of at least one PNA moiety and at least one DNA moiety. PNA synthons suitable for 
the synthesis of a PNA-DNA chunera preferably have orthogonal protection compatible with 
DNA synthesis. i.e.. acid labile protection of the reactive group on the backbone and base labile 
protection of the side chain nucleobase groups. In addition, the PNA syntiions preferably will 
have protecting groups with similar lability to the protecting groups used in DNA synthesis to 
avoid the use of harsh chemical conditions that decompose DNA. As part of this invention, a 
novel syntiietic process is described for flie synttiesis of an increased acid labile protected amino 
backbone used in the constiuction of the PNA syntiions. 

Additional features and advantages of tiie invention will be set forth in the description 
which follows, and. in part will be apparent from tiie description, drawings, and claims, or may be 
learned by practice of this invention. 



wo 96/40709 



PCT/US96/07844 



-11- 

By the method of this invention, a PNA-DNA chimera is synthesized having the general 
formula: 

KLQMN 

The letters K and N represent chemical bonds, such as covalent bonds, and the letter Q represents 
5 alinlcerorachemicalbond. One of Land Mis a nucleotide moiety having the fonnula: 



10 



15 



— G- 



B 



D 



0 
II 

-P — 
OH 



atom 



The atom or group represented by G is a secondary nitrogen atom, a tertiary nitrogen 
having an alkyl substituent. an oxygen atom or a mlfar atom. The group reprinted by B is a 
protected or unprotected, natural or unnatural nucleobase. The atom or group represented by D 
is a hydrogen atom, hydroxyl group, a methoxyl group or a hydroxyl group which is protected by 
a protecting group. 

The othor of L and M is a PNA moiety of the formula: 

B 



(CH2)j 



Y 



o 

A 



-G-(CH2)g^N^(CH2)h 
R7 

The groups represented by G and B are as defined above. The atom or group represented by r7 
is a hydrogen atom or a side chain of a protected or unprotected naturally occurring a amino acid. 
Each of j, g and h is the same or di^ient and is independently zero or or an integer from one to 



five. 



formula; 



The PNA-DNA chimeras typically are formed fiom nucleotide moieties having the 



Pn-G- 



O 



B 



D 



20 



Oi=l6 
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and PNA moieties having the formula: 

B 
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A. 



Pa-G- (CH2)g^N^(CH2)h'^L2 
R7 



whetie G, B. D. r7 j, g and h are as defined above. The atom or group i^presented by each of Pn 
and Pa is a hydrogen atom or a protecting group, with one of Pn or Pa representing a hydr<^efl 
atom. The group represented by r6 is a protective gioup which can be removed after oUgonier 

synthesis is complete. The entity Ll is a leaving group or chemical bond. The entity l2 is a 
hydroxyl group, a leaving group or a chemical bond. 

Preferably, r6 is a group having the formula: 



Vi V2 

W-C-C— 

H \I^3 



Each of V1-V3 is the same or differe,.- and is independently selectedfrom hydrogen, methyl or 
ethyl. ThegrouprepresentedbyWisanelecttonwithdrawinggroup. Preferred clectton 
withdrawing groups include, but are not limits to. cyano. alkyl sulfonyl. aryl sulfonyl. phenyl and 
substituted phenyl, such as p-nitrophenyl, o-nitrophenyl and p-alkyi sdfonylphenyl. 

Prefenably. Ll is a halogen. CN. SON or a secondary amino g«,up having the formula: 

-NR8r9 

where each of r8 and r9 is the same or different and is independently selected from primary 
secondary or tertiary alkyl groups having 1-10 carbons atoms, or are together selected from 
cycloalky] groups having 5-7 carbon atoms which can contain one or two nitrogen, oxygen or 
sulfur atoms as heteroatoms. 

10 The entity L2 if a leaving group, can be an activated ester, other leaving groups such as 

imidazole, triazole. tetrazole. 3-nitio-1.2,4-tiia2ole, thiazole. pyrrole, benzotriazole 
benzohydroxytriazole. llrese cycloalkyl groups also include imdidazole substituted in the phenyl 
morety. triazole substituted in the phenyl moiety, tetrazole substituted in the phenyl moiety 3- 
nitro-1.2.4-tiiazole substituted in the phenyl moiety, thiazole substituted in the phenyl moiJty 
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pyrrole substituted in the phenyl moiety, benzotriazole substituted in the phenyl moiety, or 
benzohydroxytriazole substituted in the phenyl moiety. 

Examples of nucleobase compounds represented by B are shown in Figure 8. The 
preferred nucleobases include adenine, cytosine, guanine, thymme, uracil, pseudo isocytosine, 5- 
methyl cytosine. hypoxanthine, isocytosine. pseudouracil and 2,6-diaminopurine. Generally, ' 
nucleobases have exocyclic amino groups wWch are protected during the synthesis of the nucleic 
acid oUgomer by removable protecting groups (these protected nucleobases are a subset of B and 
are independently represented by B a). The generally accepted orthogonal strategy for DNA ^ 
synthesis dictates that the exocyclic amino groups are protected by base labile protecting groups. 

Base labile protecting groups can include base labile carbamate protecting grx,ups such as 
an ethoxycarbonyl group having the fonnula: 



R3 R4 



The group represented by W is an electron withdrawing group. The atom or group represented 
by each of r2-r4 the same or different and is independenUy selected from hydrogen, methyl, 
ethyl, n-propyl, isopropyl. n-butyl or t-butyl. Preferred electron withdrawing groups include. Jut 
are not Umited to. cyano. alkyl sulfonyl, aiyl sulfonyl, phenyl and substituted phenyl, such as p- 
nitrophenyl. o-nitrophenyl and p-alkyl sulfonylphenyl. 

As an oligomer is synthesized, often with one end of the oligomeric chain attached to a 
solid support, the number of nucleotide or PNA moieties in the oligomer chain is increased one by 
one untU the desired sequence is attained. Subsequent nucleotide or PNA moieties having a 
backbone protecting group are coupled to the previously added moiety on the growing chain. By 
the method of this invention, the backbone protecting group in the orthogonal strategy is an acid 
labile protecting group while the nucleobase is protected by a base labile protecting group. Thus, 
in the case of this invention, the letter K can represent a covalent bond that attaches the nucleic ' 
acid oligomer to the next nucleotide or PNA moiety havmg a backbone protectmg group so as to 
allow reaction at only one site. 

The synthesis of the chimera differs depending on whether Q is a covalent bond or a linker 
used to connect the PNA and nucleotide moiedes. When a linker is used, the linker is first 
attached to the tenninal PNA or nucleotide moiety followed by a typical coupling cycle. A linker 
may be used to provide more stable linkages, provide a spacer to opthnize the hybridization 
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properties of the chimera, impart a special property on the chimera such as to invert polarity or 
merely for convenience. 

Regardless whether a linker is used, the assembly of the chimera generally involves 
synthesis cycles of a deprotection step followed by a coupling step. When nucleotide moieties are 

5 ">volved.oxidationofthephosphorusatomisanadditionalrequiredstepinthecycle In 

addition, when coupling nucleotide moieties to a heteroatom. it is preferable to avoid a nitrogen 
heteix>atom because the resulting nitrogen-phosphorus bond is add sensitive. Since the liricet. 
usually have a r^ily accessible functional group and a second protected reactive group, the same 
synthetic cycle is often utilized. However, many manipulations of DNA and polypeptide-like 
10 moieties a,. weU known and aie suitable for introducing specific reactive functional groups onto 
an ohgomer without adhering to tiie synthetic cycle outiined above. 

Generally, when Q is a covalent bond, the synthesis cycle will involve providing a PNA or 

nucleotide moiety whereLlorL2isacovalent bond, removingthePaorPn protecting gxoup to 
generate a hydrogen atom on the heteroatom G, providing a PNA or nucleotide moiety having a 
15 Pn or Paprotecting group different from the group just removed, and coupling this later moiety to 

the deprotected heteroatom G of tiie PNA or nucleotide moiety where l1 or L2 is a covalent 
bond 

On the other hand, when Q is a linker, the synthesis cycle will involve providing a PNA or 

nucleotide moiety whereLlorL2isacovaIent bond, removing the Pa or Pn protecting group to 
0 generate a hydrogen atom on the heteroatom G. generating a linker containing a reactive 

heteroatom by reaction with the heteroatom G. providing a PNA or nucleotide moiety having a 

Pn or Paprotecting group different from ti.e group just removed, and coupling fl^is later moiety to 

the heteroatom of the linker. 

Typically, at the end of the synthesis, when the desired oligomer is attained, removal of all 
protectmg groups occurs, i.e.. removal of whichever of P„ or Pa is not hydrogen and removal of 
ti>e base labile protecting groups of the nucleobases. If the oligomer was synthesized using a solid 
support, cleavage of the oligomer from the solid support also occurs. Because solid phase 
syntiiesis is preferred, this invention also relates to support bound PNA-DNA chimeras. 

PNA-DNA chimeras of this invention may contain adetectable moiety. Examples of 
detectable moieties include, but are not limited to. enzymes, antigens, radioactive labels, affinity 
labels, fluorescent labels, ultraviolet labels, infrared labels and spin labels. 
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Another aspect of this invention is directed to PNA synthons having the formula: 

Ba 



{CH2)j 0 O 
Pg-G- (CH2)g^N^(CH2)h'^OH 



X 

wherein G. r7. j. g. and h are defined above. The group represented by Pg is an acid labUe 
protecting group. The group represented by Ba is a natural or unnatural nucleobase having an 
exocycUc amino group protected by a base labile amino protecting group. Examples of Ba 
include, but are not limited to. adenine, cytosine. guanine, pseudo isocytosine. 5-methyI cytosine 
isocytosine and 2.6-diaminopurine. In a preferred embodiment. G is a secondaiy nitrogen atom ' 
In other p,.fen«d embodiments. Pg and the base labile amino protecting group are independently 
carbamate protecting groups. 

In another aspect, this invention is directed to PNA synthons having the formula: 

Ba 

wherein Pg and Ba are as defined above. 

Preferred embodiments of the compounds occur when Pg is a carbamate protecting group 
and specificaUy the carbamate protecting group having the fomiula: 




15 A4 A7 

The atom or group represented by each of Aj-Ajo is the same or diffez^nt and is independentiy 
hydrogen, methyl, etiiyl. n-propyl. isopropyl. n-butyl. t-bulyl. hydroxy, methoxy. ethoxy. amide or 
estergroups. The ester group includes an activated ester. The atom or group represented by r4 
is hydrogen, methyl or ethyl. The most preferred embodiment occurs when Pg is 4.4'- 

20 dimethylbenzhydroloxycarbonyl. 
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Preferred embodiments of the above compounds occur when Bais adenine; cytosine, 
guanine, pseudo isocytosine, 5-methyl cytosine, isocytosine or 2.6Hiiarainopurine. Prefeired 
embodiments also occur when Ba is protected by a caAamate base labile protecting group having 
the formula: 

O 

where W and r2.r4 are as defined above. 

Tie carbamate base labile piot^ting gioup also can be 9-fluoienyhnethyloxycarbonyl or a 
l-cyanoefliocycarbonyl group having the formula: 

O 

10 where R2-R4a,« as defined above. A preferred embodiment occurs when r2 is a hydrogen atom 

and r3 and are each methyl groups. 

In another embodiment, the carbamate base labile protecting group can be a sulfc 
ethoxycarbonyl group having the formula: 

R3 R4 

15 wheteR2-R4areasdefinedabove. The letter n is the integer one or two. The group represented 
by r5 is selected from methyl, ethyl, n-propyl, isopropyl, n-butyl. t-butyl. or a substituted or 
unsubstituled phenyl group. He substituted or unsubstituted phenyl group has the formula: 



d e 



where the atorh or group represented by each of a-e is the same or different and is independently 
20 selected from F. CI, Br. I. hydrogen, methyl, ethyl, isopropyl. n-propyl. n-butyl. t-butyl. phenyl 
methoxy. ethoxy. -NO2. -CN. -SO3H. -SCH3 or -(0)SCH3. Preferred embodiments occur when 
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R5 is methyl, n is two and r2-r4 are each hydrogen; and when r5 is an unsubstituted phenyl, n i 
two and r2-r4 are each hydrogen. 

A preferred embodiment of the invention is an adenine PNA synthon having the formula: 

0 




HN 



AprefemdembodiiMoflhemvendcBkacytosmePNAsyntatovingthcfom^ 



HN 0 



CN 




N' 



A preferred embodiment of the invention is a guanine PNA synthon having the formula: 

O 

O HN-'\-'N 

o V 0 




H 



OH 
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where n is one or two. 

Another preferred embodiment of the invention 



formula: 



H I 
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is a guanine PNA synthon having the 
O 




O N ^ ^^OH 



where n is one or two. 

A preferred embodiment of the invention is a thymine PNA synthon having the fonnula: 

O 




o 



OH 
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A preferred embodiment of the invention is a pseudo isocytosine PNA synthon having the 
formula: 





y// 

CHg 

In another aspect, the invention is directed to PNA oligomers having the general formula: 

KLQMN 

where K, Q and N are as previously defined. Each of L and M ate PNA moieties having the 
fonnula: 

B 

I 

Y X 

-G- (CH2)g^N ^(CHs)!,'^ 

where G, B, r7, g, h and j are as previously defined. 

Another aspect of the mvention is directed to an acid labile protected bacbone having the 
general fonnula: 

O 

H A 
Pg-G- (CH2)g N Y (CH2)h^^ OH 

The group represented by Pg is an acid labile protecting group. The atom represented by G is a 
secondary nitrogen atom, a tertiary nitrogen atom having an alkyl substituent, an oxygn atom or a 
sulfiir atom. The entity r7 is a hydrogen atom or a side chain of a naturally occurring a amino 
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add. The letters g and h are the same or different and are independently zero or an integer from 
one to five. 

A prefeired acid labile protected backbone is an acid labile amino protected backbone 
having the general fonnula: 

O 

H X 
Pg-N- (CH2)g^N^(CH2)h'^OH 

I 

The group represented by R? is hydrogen or a side chain of a protected or unprotected natuilly 
occuiTing a amino acid. Each of the letters g and h is the same or different and is independently 
zero or an integer from one to five. Preferably, the group represented by Pg is an acid labile 
protecting groiq) having the formula: 

V 



Ai 


Rf,0 


Aid 




\ } 






As Ae 




A4 




Ay 



Each of Ai-Aio is the same or different and is independently hydrogen, methyl, ethyl, n-propyl. 
isopropyl, n-butyl, t-butyl. hydroxy, methoxy, ethoxy, amide, ester or activated ester groups. TTie 
atom or group represented by r4 is hydrogen, methyl or ethyl. TTie prefened embodiment occurs 
when r4 is a hydrogen atom; A3 and Ag are each methyl groups; Aj, A2. A4-A7. A9 and Ajq 
15 are each hydrogen atoms; g is one; his zero; and is hydrogen. 

Generally, the method of synthesizing the preferred acid labile amino protected backbone 
involves the coupling of an alcohol, e.g.. a benzhydrol derivative, to a diamine utilizing acarbonyl 
equivalent thereby forming a carbamate protecting group on one of the amino groups. After 
formation of the carbamate protecting group, an unreacted primary amino group of the diamine is 
20 converted to an acetamide derivative which subsequently is transfonned into a alkyl carboxy 
group. Other embodiments of the acid labile protected backbone which include a sulfur atom or 
oxygen atom as the heteroatom G can be prepared utilizing the above synthetic methodology. 

In another aspect, the invention is directed to die end use of the PNA-DNA chuneras. 
PNAs exhibit a stronger binding affinity with DNA under defined conditions which can be 
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exploited for many purposes. Likewise, PNA-DNA chimeras have the potential to exhibit greater 
binding affinity with DNA which increases the potential uses of this unique synthetic polymer 
Examples of the utility of PNA-DNA chimeras include, but are not limited to. therapeutic or 
antisense agents, primei. in polymerase reactions and probes for the detection of genetic materials 
5 or sequences. 

It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. The invention will be understood further from the ^ 
following drawings, which are mcorporated in and constitute a part of this specification. 

Brief Desc ription of the Drawing s 

Figure 1 is a schematic representation of tiie synthesis of the ptefeired acid labile 
protected amino backbone of the amino acid N-(2-aminoethyl)-glycinc of this invention. 

Figure 2 is a schematic representation of the synthesis of the preferred carbamate 
protected cytosine side chain moiety of tiiis invention. 



15 



20 



Figure 3 is a schematic representation of the synthesis of flie preferred carbamate 
protected adenine side chain moiety of tiiis invention. 

Figure 4 is a schematic representation of the synthesis of tiie preferred carbamate 
protected guanine side chain moiety of tiiis invention. 

Figure 5 is a schematic representation of tiie syntiresis of a preferred reagent of fliis 
invention for tiie formation of a carbamate protecting group. 

Figure 6 is a schematic representation of the coupling of the preferred acid labile protected 
amino backbone of tiie amino acid N-{2-aminoetiiyl)-glycine to flie prefen^ nucleobase side 
chain moieties to form flie preferred PNA synflions of tiiis invention. THe nucleobases adenine, 
cytosine, guanine and thymine are shown. 
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Figure 7 is a schematic representation of the oxidation of the prefeired guanine PNA 
synthon creating the prefeixed orthogonally protected guanine PNA synthon of this invention 
suitable for PNA-DNA chimera synthesis. 

Figure 8 is a chart illustrating the structural representations of natural and unnatural 
5 nucleobases useful in this invcntioa 

Figure 9 is an HPLC trace of the PNA oUgomer sequence H2N-CITCTCC-CONH2- 

Hguie 10 is an HPLC trace of the PNA oligomer sequence H2N-CGCTATACCC- 
CONH2. 



) 



Hgure 1 1 is an HPLC trace of the unpuiified PNA-DNA chimera sequence DMBhoc-HN- 
£ACAC-CONH-Iinker-5'-CCAGT-3'-OH. The underlined portion of the sequence represents 
the PNA sequence and the bold portion of the sequence represents the DNA sequence. DMBhoc 
is 4.4'-dimethylbenzhydrolo3grcarbonyl. 

Rgure 12 is an HPLC trace of the purified PNA-DNA chimera sequence DMBhoc-HN 

CACAC-CONH-linker-5VCCAGT-3^0H. The underlined portion of thesequeacerepr^^^^^ 
the PNA sequence and the bold portion of the sequence represents the DNA sequence. DMBhoc 
is4,4'-dimetfaylbenzhydroloxycarbonyl. 

Figure 13 is an HPLC trace of the PNA-DNA chimera sequence (gradient only) DMBhoc- 
HN-CACAC-CONH-linlcer-5--CCAGT.3'-OH The underlined portion of the sequence 
represents the PNA sequence and the bold portion of the sequence represents the DNA sequence. 
DMBhoc is 4,4'-dimethylbenzhydK)loxycaibonyl. 

Detailed Descriptinn nf t he Invention 

The applicant has developed a convenient high yield method for preparing novel PNA 
synthons suitable of the synthesis of PNA-DNA chimeras, which are oligomers composed of at 
least one PNA moiety and at least one DNA moiety. Generally, the PNA synthons have 
Orthogonal protection which is compatible with DNA synthesis, i.e.. protectmg groups capable of 
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removal under mild conditions that will not substantially decompose DNA and having base labile 
protection of the nucleobase and acid labile protection of the backbone moiety . 

First, the acid labile protected backbone of the PNA synthon is synthesized. Preferably 
the acid labile protecting group should have similar lability to the most common DNA backbond 
protecting group, dimethoxytrityl (DMT), the applicants have developed a new synthetic 
pathway to a preferred acid sensitive backbone. 

Second, the nucleobase side chain moiety having base labile protection of the exocyclic 
amino groups is synthesized. Either natural or unnatural nucleobases can be incorporated into the 
PNA synthons. 

Third, the acid labile protected backbone is coupled to the nucleobase side chain moiety 
which has base labile pix)tection of the exocyclic amino group, if present. The coupling reaction 
results in PNA synthons suitable for the synthesis of PNA-DNA chimeras, as weU as PNA-RNA 
chimeras and various other combinations. The PNA synthons of this invention also can be used 
for the synthesis of PNA oligomers under very mild conditions, unlike those currenfly utilized. 

Finally, the PNA synthons of this invention ate used in the synthesis of PNA-DNA 
chimeras, demonstratingtheirutUitywithcommercially available DNA nucleotides. Whilethe 
description focuses on PNA-DNA chimeras, the PNA synthons and methodologies of tiiis 
invention are equally appUcable to PNA-RNA chimeras and various otiier combinations. 

■ Acid Labile Protected Rarlrhnne Svnftif-<:ic 

In one enibodiment, the invention is a method for the preparation of an add labUe 
protected backbone of a PNA synthon. The prefen^ backbone is an acid labile amino protected 
backbone (see figure 1). The acid labUe protecting group is capable of removal under mild 
conditions that will not substantially decompose DNA moieties. Therefore, when the acid labile 
backbone is attached to the nucleobase side chain moiety, die resulting PNA synthon is suitable 
for PNA-DNA chimera syntiiesis. 

The acid labile jH-otected backbone has flie general formula: 

O 

Pg-G-(CH2)g^K^(CH2)H'^OH 

R7 
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The graup represented by Pg is an acid labile protecting group. The atom represented by G is a 
secondary nitrogen atom, a tertiary nitrogen atom having an alkyl substituent, an oxygn atom or a 
sulfur atom. The entity r7 is a hydrogen atom or a side chain of aprotected or unprotected 
naturally occuning a amino acid. The letters g and h are the same or different and are 
5 . independenfly zero or an integer from one to five. 

A prefenred acid labile protected backbone is an acid labile amino protected backbone 
having the formula: 

O 

Pg-N- (CH2)8^N^(CH2)h'^OH 

•The entities ^presented by Pg.R7.gandhare as defined above. Although the synthesis of the 
pr^fened add labile amino protected backbone is discussed below, otber embodiments of the acid 
labile protected backbone inclmling, but not limited to. an oxygen atom or sulfur atom as G are 
equally accessible by the general synthetic metiwdology disclosed in this invention. 
Step 1 

The first step in the synthesis of the acid labile protected backbone is the selection of the 
appropriate alcohol that will be incorporated mto the protecting group. The alcohol may be 
commerciallyavailableormaybesyntheticallyprepared. The lability of the protecting group wiD 
depend on the stability and ease of formation of the cation of the dehydrated alcohol in an acidic 
solution. This information is well known for many alcohols and is readily available to those 
skilled in the art. See Sieber et al., Helv. Chemica Acta (1968) 51:614-22. 

Examples of alcohols that will provide the required acid lability are. among others, 
benzhydrol derivatives having the formula: 



Ai ,0H Aid 



10 




As 

A4 A7 

Each of Al -Aio is the same or different and is independenfly hydrogen, methyl, ethyl, n-propyl. 
isopropyl. n-butyl. t-butyl. hydroxy, methoxy. ethoxy. amide, ester or activated ester groups. The 
25 atomorgrouprepresentedbyR4ishydrogen.methylorea.yl.. The atom or group represented 
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by r4 is hydrogen, methyl or ethyl. Alkyl groups include, but are not limited to, methyl, ethyl, n- 
propyl, isopropyl. n-butyl and t-butyl. AUcoxy groups include, but are not limited to. methoxy and 
ethoxy. The preferred embodiment occurs when r4 is a hydrogen atom. A3 and Ag are each 
methyl groups, and A], A2, A4-A7. A9 and Aiq are each hydrogen atoms. 
5 With reference to Figure 1, the preferred alcohol is synthesized via a Grignard reaction. 

First, the magnesium salt of 4-bromotoluene. the Grignard reagent, is prepared in an anhydrous 
non-nucleophilic ether-based solvent. Examples of suitable solvents include, but are not Ihnited 
to. diethyl ether, diisopropylether, dioxane and tetrahydrofuran. The preferred solvent is 
tetrahydrofiiran. After preparation of the Grignard reagent, para-tolualdehyde was added to the 
10 room temperature solution of the magnesium salt at a rate sufficient to create a reflux. A 

sufficient time was allowed for the addition of the Grignard reagent to the aldehyde derivative, 
then the reaction was quenched with a proton source. Following work up of the reaction mixture. 
4,4'-dimethylbenzhydrol is isolated (compound I). 

Step 2 

In a preferred embodiment, the appropriately selected alcohol is converted into a 
corresponding acid labile amino protected diamine having the general formula: 

Pg-N-(CH2)g^NH2 

The group represented by Pg is an acid labile protecting group. The letter g is the integer zero or 
an integer from one to five. Following the synthetic methodology described below. Pg necessrily 
is a carbamate protectmg group. 

Generally, the alcohol is reacted with a carbonyl equivalent foUowed by reaction with a 
diamine of the formula: 

H2N— (CH2)g^NH2 
The letter g is zero or an integer from one to five. Examples of carbonyl equivalents include, but 
are not limited to phosgene, phosgene derivatives, caibonyldihnidazole and di-N-succinimidyl 
carbonate. 

With reference to Figure 1. the preferred caibonyl equivalent is carbonyldiunadizole 
(GDI). The preferred diamine occurs when g is one, i.e., is ethylene diamine. Thus, 4,4'- 
dimethylbenzhydrol is added to a solution of GDI in an anhydrous non-nucleophlic solvent at 
about QOC. Exan5)les of anhydrous non-nucleophiUc solvents are diethyl ether, diisopropylether. 
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dioxane, tetrahydrofumn. acetonitrile. dichloromethane. chloroform, carbon tetrachloride 
benzene and toluene. The prefen^d solvent is dichloromethane. After the reaction is all Jwed to 
occur for a sufficient time, which may be monitored by thin layer chromatography (tic) the 

'^tionmixtureiswashedwithwater.dried.andthedicWoromethaneevapoxatedtoy;ddas^^^^^ 

nie solid is redissolved in an anhydrous non-nucleophilic solvent as previously described 
Dxchloromethane is the preferred solvent. The dichloromethane solution of thesolid is added to' 
the amino backbone moiely. ethylene diamine, stirring at about OOQ After the reaction is 
complete, the reaction mkture is washed with water, dried and N-(4.4'- 

'^nrethylbenzhydroloxycarbonyO-ethylenediaminei^ Thus, the preferred 

lU acid labrle amino protected diamine has the formula: 



O 

H 




n 



. Step 3 



15 



20 



25 



In a preferred embodiment, following formation of the acid labile amino protected 
diamine, the remaining primary amino group of the diamine is converted into an acetamide 
denvatrve producing a fully protected diamine conq^ound having the general formula: 

Pg-N-(CH2)g^N^CX3 

The entities Pg and g are as defined above. The atom reprLed by X is an electronegative atom 
or group. Examples of electronegative atoms include, but are not limited to. halogen atoms such 
as fluonne, chlorine, bromine and iodine. 

GeneraUy. the acid labfle amino protected diamine is reacted with an alkyl trihaloacetate to 
produce the fully protected diamine compound. Preferably, a non-nucleophHc base is added to 
neutralize any acid formed by the decomposition of the alkyl trihaloacetate. Examples of non- 
nucleophilic bases include, but are not lunited to. triethylamine. diisopropyl^^^ 
morpfaoIineandN-ethylmorphoIine.Thepreferxednon-nucleophiUcbaseistriethyl^^ 
Among the various exmr^lesofalkyl trihaloacetate derivatives, which may include, but arenot 
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limited to, methyl and ethyl esters, ethyltrifluoracetate is prefeired. Accordingly, the prefeired 
atom represented by X is fluorine. 

Therefore, the prefeired fully protected diamine is prepared by reaction of compound H 
with ethyl trifluoracetate in dichloromethane at about OOC in the presence of triethylamine (see 
Figure 1). The product isolated from this reaction is N-[NM,4'-dimethylbenzhydroloxycarbonyI- 
(2'-aminoethyl)]glycine which has the formula: 

H3C 




ra 



Step 4 



The final step in the preparation of the acid labUe ammo protected backbone is the 
10 conversion of the acetamide functionality into an alkyl carboxy group. Since the acetamide 

functionality contains the electron withdrawing trihalo substituent. the secondary nitrogen proton 
contained in the acetamide functionality is susceptible to removal by a base to produce a 
nucleophiUc nitrogen anion. Examples of bases useful for this transformation include, but are not 
limited to, Uthium hydride, sodium hydride and potassium hydride. The preferred base is sodium 
15 hydride. 

Following removal of the secondary nitrogen proton, an alkyl haloalkylateis added and 
the reaction mixture allowed to stir until the reaction is complete. Examples of alkyl 
haloalkylates. among others, are methyl chloroacetate, ethyl chloroacetate, methyl bromoacetate, 
ethyl bromoacetate, methyl iodoacetate. ethyl iodoacetate. methyl 3-chloropropionate, ethyl 3- 

20 chloropropionate, methyl 3-bromopropionate, ethyl 3-bromopropionate, methyl 3-iodopropionate 
and ethyl 3-iodopropionate. The preferred compound is ethyl bromoacetate. Additionally, the 
alkyl haloalkyiate may be substituted at the halo containing carbon atom with a side chain of a 
protected or unprotected naturally occurring a amino acid. 

A crude intermediate product is isolated, then treated with a hydroxide ion source. 

25 Examples of hydroxide ion sources include, but are not limited to, lithium hydroxide, sodium 
hydroxide and potassium hydroxide. The preferred hydroxide ion source is lithium hydroxide. 
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Subsequent to work-up. an acid labile amino protected backbone is isolated having the general 
formula: 

O 

Pg-N- {CH2)gs^N^(CH2)h'^OH 

The entities Pg and g are as defined above. The letter h is zero or an integer fiom one to five and 
R7 is hydrogen or a side chain of a protected or unprotected naturally occuiring a amino acids. 
With reference to Figure 1, the preferred acid labile amino protected backbone has the formula: 

^ 9 u o 




20 



IV 

Nucleobase Side Chain MniPty Sy^tw;. 

In another embodiment, the invention is directed to the synthesis of nucleobase side chain 
moieties for coupling to the acid labile amino protected backbone (see Figures 2-5). 

Since the PNA synthons of this invention are orthogonally protected, the exocyclic ammo 
groups of the nucleobase side chain moieties necessarily are not protected with acid labile 
protecting groups. Examples of possible protecting groups include, but are not limited to, those 
that are cleaved by basic conditions, photolytic conditions or hydrogenolysis conditions. The 
pt^fened nucleobase protecting groups are base labile. Generally, the novel nucleobase side chain 
moieties have the general formula: 

Ba 
I 

O 

The letter j is zero or an integer from one to five. The entity Ba is a natural or unnatural 
nucleobase having an exocyclic amino group protected by a base labile protecting group (as 
described above, Ba is a subset of B). Examples of natural nucleobases having an exocyclic 
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amino group are adenine, cytosine and guanine. Examples of unnatural nucleobases having an 
exocyclic amino group include, but are not limited to, pseudo isocytosine. 5-methyl cytosine. 
isocytosine and 2,6-diaminopurine. 

Examples of base labile amino protecting groups include, but are not limited to, 9- 
fluorenylmethyloxycarbonyl (Fmoc) and ethoxycarbonyl groups having the general formula: 

O 

wX><°^ 

The group represented by W is an electron withdrawing group. The atom or group represented 
by each of r2-r4 jg the same or different and is independenfly hydrogen, methyl, ethyl, n-propyl. 
isopropyl, n-butyl or t-butyl. 

The novel nucleobase side chain moieties of this invention can be synthesized via a novel 
isocyanate method, as disclosed in a companion patent application entitled "Improved Synthons 
for the Synthesis and Deprotection of Peptide Nucleic Acids Under MUd Conditions" (Attorney 

Docket No. SYP-091: U.S. Application Serial No. , filed June 7, 1995) which is herein 

specifically incorporated by reference in its entirety. Alternatively, the nucleobase side chain 
moieties can be synthesized by conventional methods which involve protection of the exocyclic 
amino groups of the nucleobase with imidazoUdes or alkyl imidazolium salts. 

Step 1 

In both of the above synthetic schemes, a nucleobase is first transformed into a partially 
protected nucleobase compound having an alkyl formate substituent, an alkyl acetate substituent 
or an alkyl ester substituent such as an alkyl propionate, an alkyl butanoate, an alkyl pentanoate or 
an alkyl hexanoate. Thus, the partially protected nucleobase compound has the formula: 

B 

I 

(OH2)j^ORio 
O 

The letter j is zero or an integer fi-om one to five. The entity B is the nucleobase having an 
exocyclic amino group. The group represented by RlO is methyl, ethyl, 2.2.2-trichloroefhyl. 2- 
(trimethylsilyl)-ethyl, 2-(phenylthio)-ethyl. propyl, isopropyl. n-butyl. t-butyl. allyl. 1-isopropyl 
allyl, cinnamyl, 4-nitrocinnamyl. or a substituted or unsubstituted benzyl. 
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GeneraUy, sequential treatment of the nuclcobase with a base such as potassium carbonate 
or potassium t-butoxide and an alkyl haloalkylate produces the partially protected nucleobase 
compound. An alkyl or benzyl bromoacetate produces the preferred partially protected 
nucleobase compounds. 

With reference to Figure 2. the preferred partially protected cytosine compound has the 
formula: 




V 

With reference to Figure 3, the preferred partially protected adenine compound has the 
formula: 



) 




O Vffl 

With reference to Figure 4. the preferred partially protected guanine precui«>r compound 
has the formula: 




Step 2 

The partially protected nucleobase compound is transformed into a fully protected 
nucleobase compound by protecting the exocyclic amino group of the nucleobase with a base 
labile protectmg group. The fully protected base labile protected compound has the general 



fonnula: 
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Ba 

I 

(CH2)j oRio 

IT 
O 

The letter j is as previously defined. The groups rq)rBsented by Ba and RlO are as previously 
defined. The base labile protecting group can be formed by either the isocyanate method as 
referenced above, e.g., as with the partially protected guanine compound, or by conventional 
methods, e.g., as with the partially protected adenine and cytosine compounds. 

Examples of base labUe amino protecting groups include, but are not limited to, 9- 
fluorenylmethyloxycaibonyl (Ftaoc) and ethoxycarbonyl groups having the general formula: 

O 

The group represented by W is an electron withdrawing group. The atom or group represented 
by each of r2-r4 is the same or different and is independenUy hydrogen, methyl, ethyl, n-propyl. 
isopropyl, n-buty] or t-butyl. 

Examples of electron withdrawing groups are. among others, cyano, alkyl sulfonyl, aryl 
sulfonyl, phenyl and substituted phenyl such as p-nitrophenyl, o-nitrophenyl and p-alkyl sulfonyl 
phenyl. With Ca;J as the electron withdrawmg group, the base labUe protecting group has the 
15 formula: 

0 

R3 R4 

The atom or group represented by each of r2.r4 is the same or different and is indq,endently 
hydrogen, methyl, ethyl, n-propyl, isopropyl, n-butyl or t-butyl. 

The preferred method of preparing the 1-cyanoethoxycarbonyl group is by reaction of the 
20 corresponding 1-cyanoethanol derivative with carbonyldimidazole to forni the imidazoUde salt. 
The preferred 1-cyanoethanol derivative is 2-hydroxy-2-methyl.butyronitrile. Thus, in reference 
to Figure 5a, reaction of 2-hydroxy-2-methyl-butyronitrile with carbonyldiimidazole produces 
compound XIV, 2,2-dimethyl-l-cyanoethoxycarbonyl-imidazole. 
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To enhance the acylating efficiency of this preferred reagent. 2,2-dimethyl-I- 
cyanoethoxycarbonyl-imidazole is reacted with methyl trifluoromethanesulfonate to produce 
con^und XV (see Figure 5b). Preferably, the reagent is generated in situ immediately befoie 
reaction with the partially protected nucleobase compound. 

Thus, with reference to Figure 2. the preferred fully protected cytosine compound has the 
fonnula: 




VI 



With reference to Figure 3. the preferred fully protected adenine compound has the 

O \ / 



fonxnila: 

O ^ ^ 



\% 

With a sulfoxide or sulfone as the electron withdrawing group, the fully protected 
nucleobase compound is typically foimed via the isocyanate method and has the formula: 

R=-s(0)„-^° 

R3 R4 

The letter n is one or two. The atom or group represented by each of r2-r4 is the same or 
different and is independenfly hydrogen, methyl, ethyl, n-propyl. isopropyl. n-butyl or t-butyl. 
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The group represented by r5 is methyl, ethyl, n-propyl. isopiopyl, n-butyl. t-butyl or a substituted 
or unsubstituted phenyl having the formula: 

b a 



The atom or group represented by each of a-e is the same or different and is independently F, Q, 
Br, I, hydrogen, methyl, ethyl, isopropyl. n-propyl. n-butyl. t-butyl, phenyl, raethoxy. ethoxy. ^ 
NO2, -CN, -SO3H, -SCH3 or -(0)SCH3. 

Of special note, in the case of guanine, the exocydic amino group of 2-amino-6- 
chloropurine is first protected as a thioether group, i.e., an unoxidized sulfur {see Figure 4, 
compound XE). Although not a base labile protecting group, the thioether group avoids 
premature base elimination of the sulfur containing protecting group since preparation of the 
carbamate protected guanine side chain moiety (compound XHI) requires treatment with strong 
base. Only after coupling to the acid labile amino protected backbone is the sulfur atom oxidized 
to form the base labile protecting group. 

Thus, with reference to Figure 4. the preferred fully protected guanine precursor 
15 compound has the formula: 

01 




Step 3 

Generally, the acetate ester group of the fully protected nucleobase compound is 
hydrolyzed with acid to produce the nucleobase side chain moiety. In the case of the fully 
protected guanine compound, hydrolysis is contemporaneous with formation of the C6 carbonyl 
group as described in "Improved Synthons for the Synthesis and Deprotection of Peptide Nucleic 
Acids Under Mild Conditions" (Attorney Docket No. SYP-091; U.S. Application Serial No.. 
, filed June 7. 1995) (see Figure 4 of this application). 
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With reference to Figure 2. the prefeired cytosine side chain moiety has the fonnula: 

O 



V 



,0H 

o vn 

With reference to Figure 3, the preferred adenine side chain moiely has the fonnula: 



HN 



,0H 



V 

O X 

With reference to Figure 4, the prefeired guanine side chain moiety has the fonnula: 

O 

" ' .OH 



V 



o xra 

other nucleobase side chain moieties include a thymine side chain moiety and an uracil 
side chain moiety. Both of these nucleobases lack cxocyclic amino groups, therefore, do not 
require the additional protection steps. However, the thymine side chain moiety and the uracil 
side chain moiety can be coupled to the acid labile amino protected backbone to fonn novel PNA 
synthons. 
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PNA Svntho n Synthesis ("The Coup ling Stpip") 

In another embodiment, the invention is a method for the preparation of PNA synthons 
suitable for PNA-DNA chimera synthesis (see Figure 6). The preparation of a guanine PNA 
synthon having a thioether group protecting the exocyclic amino group of guanine involves the 
oxidation of the thioether group to a sulfoxide or sulfone derivative (see Figure 7). The resultant 
sulfoxide or sulfone transforms the thioether protecting group into a base labile protecting group, 
thus creating an orthogonally protected guanine PNA synthon. 

CoupUng of an acid labile protected backbone to the nucleobase side chain moiely 

produces a PNA synthon having the formula: 

Ba 
I 

I A 

Pg-G- (CH2)g^N Y(CH2)h^^0H 

The entities Pg, Ba, r7, g, h and j are as previously defined. The group repi«sented by G is a 
secondary nitrogen atom, a tertiary nitrogen atom having an alkyl substituent, an oxygen atom or 
a sulfur atom. 

Because the PNA synthon is orthogonally protected. i.e.. typicaUy one add labfle 
protecting group and one base labile protecting group, the method of coupling the two moieties 
together preferably minimizes the conditions that wiU remove either of the two protecting groups. 
Previously described coupling methods often used the carboxylic ester of a protected backbone, 
then hydrolyzed the ester with a hydroxide ion source. The basic hydrolysis conditions are 
unsuitable fw the PNA synthons of this invention as the base labile protecting group of the 
nucleobases would be at least partially removed. Therefore, the preferred method of coupling the 
nucleobase side chain moiety to flie acid labile protected backbone involves "transient" protection 
of the carboxylic acid functionality of the protected backbone. 

Genaally. the coupling method involves addition of a sOyl carboxylic acid protected acid 
labile protected backbone to a solution of a preformed mixed anhydride of the nucleobase side 
chain moiety. Following coupling of the backbone and the side chain moiety, the silyl protecting 
group is removed to produce the PNA synthon. 
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More specifically, the mixed anhydride of the nucleobase side chain moiety is formed by 
treatment of the nucleobase side chain moiety with a non-nucleophilic base at below ambient 
temperature, followed by reaction with a alkyl acid chloride. Non-nucleophilic bases useful in this 
step of the reaction sequence include, but are not limited to. triethylamine. diisopropylethylamlne, 
5 N-methyl morpholine and N-ethyl moipholine. The preferred non-nucleophilic base is N-methyl ' 
morpholine. Typically the reaction is stin^d at below ambient temperature, preferably about OOQ 
for a sufficient time to allow formation of the niixed anhydride, which may be monitored by tic. ' 

Following formation of the mixed anhydride, a solution of the acid labile protected^ 
backbone in the presence of a non-nucleophihc base and a steiically hindered silyl chloride is 
0 addedtothecooledmixedanhydridesolution. Typically, the solution of the acid labUe amino 
protected backbone also is below ambient temperature, preferrable about OOC. E:camplesof non- 
nucleophiUc bases are those previously described. A prefen^ sterically hindered sllyl chloride is 
triisopropylsilyl chloride, however, other silyl chlorides can be used. After the reaction is stirred 
for a sufficient time to allow coupling, the reaction is quenched, dried and then subjected to 
treatment with a silyl removing group in the presence of a non-nucleophilic base. Again, 
examples of non-nucleophilic bases are those previously described. Examples of silyl removing 
groups include, but are not limited to. hydrogen fluoride, tetra-n-butyl ammonium fluoride and 
triethylamine trihydrofluoride. The preferred silyl removing group is triethylamine 
trihydrofluoride because thepH of the solution can be adjusted, thereby minimizing premature 
removal of other protecting groups. Subsequent to removal of the silyl protecting group and 
work-up of the reaction, the desired PNA synthon is isolated. 

Thus, in one embodiment, a preferred PNA synthon has the formula: 

Ba 



.0 




The groups Pg and Ba are as previously defined. 

In another embodmient. a preferred PNA synthon has the foimula: 

B 
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The group represented by B is ai previously defmeA The group represented by Pg is an acid 
labile protecting group of flie formula: 




As Ae I 
A4 A7 

Each of A, -Aio is the same or different and is independently hydrpgen. methyl, ethyl, n-propyl. 
isopropyl. n-butyl. t-butyl. hydroxy, methoxy. ethoxy. amide or ester groups. The atom or group 
rqwesented by r4 is hydrogen, methyl or ethyl. 
, In another embodiment, the preferred cytosine PNA synthon has the formula: 




XVI 



In another embodiment, the preferred adenine PNA synthon has the formula: 



HN 




xvn 
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In another embodiment, a preferred guanine PNA synthon lias tiie formula: 

o TO 

0 N \.^0H 




The group represented by r5 is methyl, ethyl, n-propyl. isopropyl. n-butyl, t-butyl or a substituted 
or unsubstituted phenyl group having the formula: 

b 



where the atom or group represented by each of a-e is the same or different and is independently 
F, CI, Br. I, hydrogen, methyl, ethyl, isopropyl, n-propyl, n-butyl, t-butyl. phenyl, methoxy. 
ethoxy. .N02, -CN, -SO3H, -SCH3 or -(0)SCH3. It should be noted that the guanine PNA 

synthon can be oxidized to generate the base labile protecting group before or after incorporation 
into an oligomer. 

In another embodiment, the preferred thymine PNA synthon has the formula: 

O 

o V 

o 

.A. 




N' 
H 



0 



OH 



XIX 



wo 96/40709 



PCT/US96/07844 



-39- 

In another embodiment, the preferred pseudo isocytosine PNA synthon has the formula: 

O 




To complete the synthesis of a preferred guanine PNA synthon having a thioether 
containing protecting group, oxidation of the thioether group remains. Methods of oxidizing a 

5 sulfur atom to a sulfoxide or to a fully oxidized sulfone are known to those skilled in the art. 
Tesser et al,, Int, J. Peptide Protein Res. (1975) 7:295-305. For example, a preferred method 
involves the sequential treatment of the guanine synthon (compound XVIII) in an aqueous solvent 
with a non-nucleophilic base, sodium tungstate, and hydrogen peroxide (see Figure 7). Typically 
the reaction is monitored for completeness by tic or high performance liquid chromatography 

10 (HPLC). After the reaction is complete, work-up and isolation of the product produces the 
preferred guanine PNA synthon having the formula: 



O 
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Thus, in one embodiment, a preferred guanine PNA synthon has the formula: 



O 




The letter n is one or two. 

In another embodiment, a preferred guanine PNA synthon has the formula: 

O 



5 




The letter n is one or two. 

PNA-DN A Chimera or PNA Oligomer Synthesis 

In another embodiment, the invention is a method for the preparation of a PNA-DNA 
chimera or a PNA oligomer. Typically, for the efficient synthesis of these nucleic acid polymers, 
10 mild reaction conditions are required and an orthogonal protecting group strategy is used. 
Therefore, the PNA synthons of this invention are particularly advantageous because their 
protecting groups are removed under mild conditions and are orthogonal when two protecting 
groups are required. Moreover, the protection methodology is compatible with commercial DNA 
synthesis technology. 
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Generally, the PNA-DNA chimera (or a PNA-RNA chimera and various combinations 
thereof) will have the formula: 

KLQMN 

The letters K and N represent chemical bonds. The letter Q is a chemical bond or a linker. One 
of L and M is a nucleotide moiety having the formula: 

B 

— 



o 

It 

-p — 

OH 

The atom represented by G is a secondary nitrogen atom, a tertiary nitrogen atom having an alkyl 

substituent, an oxygen atom or a sulfur atom. The entity B is a protected or unprotected, natural 

or unnatural nucleobase. The atom or group represented by D is a hydrogen atom, a hydroxyl 

10 group, a methoxyl group or a hydroxyl group which is protected by a protecting group. 

The other of L and M is a PNA moiety having the formula: 

B 
I 

Y A 

-G- (CH2)g.^N Y(CH2)h'^ ^ 
W 

The entities G and B are as defined above. The entity R-^ is a hydrogen atom or a side chain of a 
protected or unprotected naturally occurring a amino acid. Each of j, g and h is the same or 

15 different and is independently zero or or an integer from one to five. 

The chemical bond defined by K and N can be a covalent bond or an ionic bond. The 
chemical bond can attach a PNA moiety or a nucloetide moiety to another PNA moiety or 
nucleotide moiety, either as a single species or as part of a polymeric chain. The chemical bonds 
also can attach linkers, linkers coupled to a solid support, or other chemical entities. Examples of 

20 chemical entities include, but are not limited to, protecting groups, hydrogen atoms, alkyl groups 
and aryl groups as only a few examples. Examples of solid supports include, but are not limited 
to, controlled pore glass, membranes, beaded polystyrene, silica gel, silica, papaer filters and 
fritted glass. One of skill in the art will be able to further identify and expand the possibilities of 
other chemical entities, supports and bonds that would be appropriate and useful in this invention. 
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Where Q represents a chemical bond, a covalent bond is intended. As with K and N, the 
chemical bond can attach a PN A moiety or a nucloetide moiety to another PNA moiety or 
nucleotide moiety, either as a single species or as part of a polymeric chain. The entity Q also can 
represent a linker which connects the PNA moiety and the nucleotide moiety. 

Linkers are well known in the field of DNA and peptide synthesis. For a detailed 
discussion, see U.S. Patent No, 5,410,068 which in herein incorporated by reference and Gati, 
M J., Oligonucleotide Synthesis, A Practical Approach, IRL Press Inc., Oxford, England. As 
used herein, a linker is a composition which can be used for attachment of a moiety to a 
biopolymer. The moiety may be a support, a biomolecuie such as an amino acid or nucleotide or 
a label such as a fluorescent dye. As used herein, the linker Q is used to modify the heteroatom G 
of the PNA or nucleotide moiety. 

One type of linker comprises a phosphoramidite linker which typically is used to label the 
terminus of a synthetic oligonucleotide. The linker comprises a reactive phosphoramidite group a 
spacer and at least one protected heteroatom. Examples of such preformed DNA linkers include 
those described in the following references. Nelson et al.. Nucleic Acid Research, (1989) 17, 
7170; Misiuraet al. Nucleic Acids Research (1990) 18, 4345; Connelly, B., Nucleic Acids 
Research (1987) 15, 3131; CouU et al.. Tetrahedron Letters (1986) 27, 3991. The spacer is 
generally an alkyl spacer having 1-12 carbon atoms. The protecting group of the heteroatom is 
chosen to be compatible with DNA synthesis. Linkers or this type are generally commercially 
available from suppliers of DNA synthesis reagents. 

The 5 '-terminus of an oligonucleotide likewise can be modified by known methods. This 
method is likewise suitable for modifying the terminus of a PNA, See Wachter et al.. Nucleic 
Acids Res, (1986) 14:7985. Generally the heteroatom of the terminus is reacted sequentially with 
carbonyldiimidazole and then with an amine containing compound of choice. The amine 
containing compound for the purposes of chimera synthesis will preferably include alkyl diamines, 
amino alkane thiols and amino alkyl alcohols having 1-12 carbons. Suitable reagents are available 
from Aldrich Chemical. Using the above referenced reagents and methods, one can modify the 
terminus of a nucleotide, or other heteroatom, to thereby introduce a functional linkage to the 
original heteroatom, an alkyl spacer and terminal heteroatom of choice which can be used to 
couple the next synthon of the PNA oligomer or the PNA or nucleotide moiety of the PNA/DNA 
chimera. 
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Finally, a new linker has been described for reversibly labeling biopolymers. See U.S. 
Patent No. 5,410,068 which is herein incorporated by reference.- Though primarily directed at 
DNA applications, the teachings of the above patent can be utilized to link PNA and DNA 
monomer subunits. This linker has an active ester and stereoselective alkyl halide reactive center. 
5 Persons of ordinary skill will recognize that such a versatile reagent can be utilized in numerous 
ways to link the monomer subunits together. 

In one embodiment, the hydroxyl or thiol terminus of the terminal subunit will react 
preferentially with the stereoselective alkyl halide center. The active ester is then preferentially^ 
reacted with an amine containing compound as described above to generate a new terminal 

10 heteroatom which can be used to couple the next synthon of the PNA oligomer, PNA moiety or 
DNA nucleotide of the PNA/DNA chimera. Alternatively, a terminal amino group will 
preferentially react with the active ester. Then the stereoselective alkyl halide reactive center can 
be reacted preferably with an alkyl diamine, alkyl diol, or alkyl dithiol to thereby introduce a 
terminal heteroatom suitable for coupling the next synthon of the PNA oligomer or the PNA 

1 5 moiety or nucleotide moiety of the PNA/DNA chimera. 

Use of the above described linker also is advantageous because in addition to the above 
described reagents (e.g., alkyl diamine, alkyl diol, or alkyl dithiol) the compound may also be a 
PNA moiety or nucleotide moiety wherein Pn or Pa in a hydrogen atom. In this embodiment one 
is able to invert to polarity of the two subunits. This may be useful since it is known that PNA 

20 can bind to DNA in both parallel and antiparallel motifs. See Egholm et al., Nature (1993) 365, 
566-568. 

Other linkers have been utilized in peptide synthesis. Generally these linkers are described 
for use in manipulating the appropriate heteroatom functional groups on biomolecules, supports 
and labeling reagents, but also have utility in other areas. Discussion of these linkers, as they 

25 relate to peptide synthesis, can be found in the following U.S. Patents which are herein 

incorporated by reference. U.S. Patent Nos. 5,117.009; 5,306,562; 5,196,566; and 5.187,625; 
One of ordinary skill in oligonucleotide synthesis, peptide synthesis and PNA synthesis will 
recognize these linkers as suitable for the linking of subunits of PNAs to each other or 
alternatively for the linking of PNA subunits to DNA and conversely the linking of DNA subunits 

30 to PNA. 

Protected or unprotected, natural or unnatural nucleobases typically are those previously 
described or illustrated in Figure 8. Generally, the nucleobases have an exocyclic amino group 
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that is protected during the construction of the PNA-DNA chimera, then is removed after the 
preferred sequence is attained. On the other hand, the natural nucleobases thymine and uracil lack 
' an exocyclic amino group, thus, usually are not protected. Protection of the exocyclic amino 
group of the nucleobase, if necessary, eliminates a potential reactive site during oligomer 
synthesis, and prevents undesired branching of the growing polymeric chain. Therefore, as in any 
efficient synthetic scheme, PNA-DNA chimeras can be assembled in a controlled fashion with 
only one likely product to result from each synthetic step. 

Typically, the nucleobase protecting groups are carbamate protecting groups. Since the 
backbone of the PNA synthons and of the nucleotides are acid labile, an orthogonal strategy 
dictates that the nucleobase protecting groups necessarily be removable by different means. As 
described above in the synthesis of the nucleobase side chain moiety, the preferred carbamate 
protecting groups for the nucleobases are base labile. 

Often the PNA-DNA chimera will have detectable moieties. The detectable moieties may 
be an intrinsic part of the chimera or may be attached to the chimera in a variety of ways, often 
through the use of a linker as previously described. Examples of detectable moieties include, but 
are not limited to, enzymes, antigens, radioactive labels, affinity labels, fluorescent labels, 
ultraviolet labels, infrared labels and spin labels. The detectable moiety can function, among other 
purposes, to monitor the synthetic assembly of the chimera or to monitor the binding of the 
chimera to another entity such as a DNA or RNA. 

The use of labeled biomolecules is well known and is discussed in the above referenced 
literature related to linkers. Labeled DNA oligomers are particularly useful for DNA sequencing 
and other detection analyses of nucleic acids wherein the sequence specific interactions, i.e., 
hybridization, of DNA occurs. See U.S. Patent No. 5,149,625 which discusses labeled DNA and 
its utility in DNA sequencing applications and is herein incorporated by reference. Labels 
generally increase the sensitivity of the assay if attached to the biopolymer is a suitable manner. It 
is known that antisense DNA and RNA can modulate the expressions of genes because of these 
sequence specific interactions. Because PNA exhibits stronger sequence specific interaction wi± 
nucleic acids under certain conditions, PNA-DNA chimera are interesting candidates for further 
investigation as alternatives in DNA sequencing, detection assays and as therapeutic agents. 

Among other methods, PNA-DNA chimeras can be constructed utilizing techniques for 
the synthesis of DNA sequences. DNA synthesis methods and instrumentation are well known in 
the industry and are widely available. Therefore, the specific design of the PNA synthons of this 
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invention will allow exploitation of commercially available DNA precursors and instrumentation 
for the straightforward assembly of PNA-DNA chimeras. 

Generally, nucleotides commonly used in DNA synthesis and applicable for PNA-DNA 
chimera synthesis have the formula: 

B 



D 



The entities G and B are as previously described. The entity D is a hydrogen atom, a hydrDxyl 
group, a methoxyl group or a hydroxyl group which is protected by a protecting group. The 
entity Pn is a hydrogen atom or a protecting group. The group is a protecting group that can 
be removed. The phosphorus linkage is typically oxidized after each coupling step to stabilize the 

10 linkage. The entity is a leaving group or a chenaical bond. One example of a nucleotide 
moiety having the above formula, among others, is a phosphoramidite. 

Besides nucleotides having the above structure, other nucledtide analogues that are 
compatible with a DNA synthesizer can be used to form PNA-DNA chimeras. For examples of 
DNA synthons, see U.S. Patent Nos. 4,458,066 and 4,725.677 (RE 34,069), and Smdth et aL, 

15 Nucleic Acids Res. (1985) 13:2399, Sproat et al.. Nucleic Acids Res. (1987) 15:6181 and Sproat 
ct al.. Nucleic Acids Res. (1987) 15:4837. 

The selection of D detennine whether the nucleotide moiety is a DNA or an RNA moiety. 
If D is a hydrogen atom, the nucleotide is a DNA moiety. If D is a hydroxyl group or a protected 
derivative thereof, the nucleotide is an RNA moiety. A methoxyl group is a common substituent 

20 employed in oligomer synthesis. A number of other protecting groups including, but not limited 
to, silyl protecting groups, are used to protect the hydroxyl group during oligomer synthesis. 

Whether Pn is a hydrogen atom or a protecting group is determined by the role of the 
nucleotide moiety in that particular synthetic step. As the oligomeric chain is assembled one 
moiety (or monomer) at a time, each new moiety added to the growing chain will have the atom 

25 represented by G protected, thereby rendering G unavailable as a reactive site. Therefore, if the 
nucleotide moiety is the next monomer to be added to the oligomer, Pn is a protecting group. (Pn 
will also be a protecting group if the nucleotide monomer is the first moiety to be attached to 
another monomer or to a solid support resin.) Conversely, if the nucleotide moiety is already part 
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of an oligomeric ehain, i.e., is the moiety that will act as the nucleophilic species in the coupling 
reaction, Pn will be a hydrogen atom. 

Suitable substituents are described in U.S. Patent Nos. 4,458,066 and 4,725,677, 

which are herein incorporated by reference. The group r6 is typically, among other possibilities, 
5 a group of the formula: 

Vi V2 
W-C-C— 
H Vs 

The group represented by W is an electron withdrawing group. The atoms or groups represented 
by each of V1-V3 are the same or different and are independently hydrogen, methyl and ethyl. 
Preferred electron withdrawing groups include, but are not limited to, cyano, alkyl sulfonyl, aiyl 
10 sulfonyl, phenyl and substituted phenyl, such as p-nitrophenyl, o-nitrophenyl and p-alkyl 
sulfonylphenyl. 

The group represented by can be a chemical bond if. for example, the nucleotide 
moiety is already incorporated into a polymeric chain or attached to a solid support through a 
linker. The group represented by also can be a leaving group. Reaction of the preceeding 

15 PNA or nucleotide moiety with the nucleotide moiety with Pn as a protecting group will displace 
the leaving group, thereby coupling the two moieties together. Suitable leaving groups include 
active esters as described in U.S. Patent Nos. 5.233,044 and 5,410,068 which are herein 
incorporated by reference. Other examples of leavmg groups include, but are not limited to, 
halogens and secondary amino groups. 

20 The secondary amino groups can have the formula: 

-Nr8r9 

The groups represented by r8 and r9 are.the same or different and are independently primary, 
secondary or tertiary alkyl groups having 1-10 carbons atoms, or are together selected from the 
group consisting of cycloalkyl groups having 5-7 carbon atoms which can contain one or two 
25 nitrogen, oxygen or sulfur atoms as heteroatoms. 
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PNA moieties used in the construction of PNA-DNA chimeras have the formula: 

B 
I 

(CHgk. o O 

Y A 

Pa"-G-(CH2)gs^NY(pH2)h"^ 

The entities G, B, R^, j, g and h are as previously described. The entity Pa is a hydrogen atom or 
a protecting group. The entity L^- is a hydroxyl group, a leaving group or a chemical bond. 

5 Typically, as with the nucleotide moiety, the entity Pa is a hydrogen atom if the PNA 

moiety will act as the nucleophilic species in the couphng reaction. On the other hand, if the PNA 
moiety is the monohier to be coupled to a nucleophilic species, then Pa will be a protecting group, 
rendering G unsuitable as a reactive site. 

Similarly, the identity of also is dependent upon the role of the PNA moiety in the 

10 synthetic sequence. If the PNA moiety is attached to an oligomer or a linker attached to a solid 
support, l2 will be a chemical bond. However, if the PNA moiety is a monomer to be attached to 
a linker or a PNA or nucleotide moiety, will be a hydroxyl group or a leaving group. As 
described above for the nucleotide moiety, nucleophilic attack will displace the leaving group or 
activated hydroxyl group, facilitating coupling of the PNA moiety to the nucleophilic species. 

15 Typically, the coupling step mvolves the generating the activated synthon, i.e., converting the 
hydroxyl group to a leaving group. The activation is usually carried out in situ. Suitable 
activating chemistries are well known in the art of peptide chemistry. The reagents described in 
USSN 0^/952,025 filed on September 28, 1993 are particularly useful. 

The entity also may preferably be an active ester such as those described in U.S. Patent 

20 Nos. 5,410,068 and 5,233,044. Preferrable iP- is also l-hydroxy-T-azabenzotriazole (HOAT). 

Other examples of appropriate groups will be readily known to those skilled in the art 
and preferrably include, among others, imidazole, triazole, tetrazole, 3-nitro-l,2,4-triazole, 
thiazole, pyrrole, benzotriazole, and benzohydroxytriazole. These cycloalkyl groups also include 
imdidazole substituted in the phenyl moiety, triazole substituted in the phenyl moiety, tetrazole 

25 substituted in the phenyl moiety, 3-nitro4,2,4-triazole substituted in the phenyl moiety, thiazole 
substituted in the phenyl moiety, pyrrole substituted in the phenyl moiety, benzotriazole 
substituted in the phenyl moiety, and benzohydroxytriazole substituted in the phenyl moiety. 
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PNA-DNA chimeras can be assembled by a variety of methods. Probably the most 
efficient method will use currently available techniques and instrumentation available for DNA 
synthesis as previously described. In particular, nucleic acids (DNA and RNA) arc now routinely 
synthesized using automated machines, numerous synthesis supports and various protection 
5 chemistries. The following U.S. patents cover a broad range of differing supports and protection 
chemistries and are herein incorporated by reference. See U.S. Patent Nos. 5,262,530; 
4,415,732; 4,458,066; 4,725,677 (RE 34,069); and 4,923,901, Automated equipment and 
reagents are commercially available from PerSeptive Biosystems, Perkin Elmer (Applied -» 
Biosystems Division) and Pharmacia. Special 5*-amino synthons are described in Smith et al., 
10 Nucleic Acids Res, (1985) 13:2399 and in Sproat et al.. Nucleic Acids Res, (1987) 15:6181 , 
Special 5'4hio synthons are described in Sproat et al. Nucleic Acids Res. (1987) 15:4837. The 
reagents described in the above references are suitable for use on standard DNA synthesis 
instmments. 

The preferred comjnercial method for nucleic acid synthesis utilizes the above reagents 

15 and methods as generally described by Koester et al. in U.S. Patent No. 4,725,677 (RE 34,069). 
Consequently, the preferred synthons are (i-cyanoethyi phosphoramidites having acid labile 
protection of the backbone 5' hydroxyl group and base labile acyl-type protection of the exocyclic 
amino groups of the nucleobases. 

The preferred acid labile backbone protecting group is 4,4*-dimethoxytriphenylmethyl 

20 (DMT). DMT is typically chosen because it can be removed farily rapidly (1-3 mintues) during 
each synthetic cycle with solutions containing 1-4% dichloroacetic acid or trichloroacetic acid in 
dichloromethane. Protecting groups with increased acid lability compared to DMT are 
susceptible to premature deprotection during the acid catalyzed coupling reactions (tetrazole is 
typically the acidic species). Protecting groups with decreased acid lability compared to DMT 

25 require longer reaction times and/or harsher reaction conditions for complete removal. Generally, 
harsher acidic deprotection conditions are avoided since tlie purine nucleobases are particularly 
susceptible to decomposidon in acid. Although the aforementioned problems with protecting 
groups and synthetic conditions may be minimal during each synthetic cycle, the cumulative effect 
can generate significant impurities in oligonucleotide synthesis. Accordingly, as the length of the 

30 oligonucleotide increases, its purity tends to decrease. 

Generally, base labile protecting groups are utilized for protection of the exocyclic amino 
groups of the nucleobases so that an orthogonally protected nucleic acid synthon results. The 
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base labile protecting groups typically remain a part of the growing nucleic acid chain, then are 
removed simultaneously with the cleavage of synthesized nucleic acid from the solid support. A 
concentrated ammonium hydroxide solution is often used for the "deprotection and cleavage 
step " Koester et ai. used base labile acyl-type protecting groups which are usually treated for 6- 
5 24 hours at elevated temperature (about 55^C) for complete removal of these nucleobase 

protecting groups. Other protecting groups have been developed which are removed under the 
same conditions but in less time (from about 15-60 minutes). Examples of these improved 
protecting groups include phenoxyacetyl, t-butyl phenoxyacetyl and amindine-type protecting 
groups. While these protecting groups have increased base lability, typically only the time 
10 necessary for removal is reduced. 

In addition, the PNA synthons can be coupled to each other to form a PNA oligomer 
(PNA). Because the chemistry of the PNA synthons is compatible with commercially available 
synthesizers, the synthons are readily transformed into polymeric chains of various lengths and 
sequences. 

15 Generally, before removal of the nucleobase protecting groups, the PNA oligomer will 

have the formula: 

KLQMN 

The letters K and N represent chemical bonds. The letter Q is a chemical bond or a linker as 
previously described. Each of L and M is the same or different and is independently a PNA 
20 moiety having the formula: 

Ba 

I 

Y X 

-G- (CH2)gs^N Y(CH2)h"^^ 

The entities G, Ba, R'^, g, h and j are as previously described. 

The oligomer can be assembled using standard peptide coupling procedures. Following 
completion of the desired PNA sequence, removal of all protecting groups, and cleavage from the 
25 solid support, if necessary, will produce the PNA molecule. Proper choice of the support is 

important to avoid harsh acid treatments and preferrably will allow cleavage and deprotection to 
occur in basic solutions. Methods for preparing suitable membrane supports are found in U.S. 
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Patent No. 4,923,901. In addition, preferrably the support will be fiinctionalized with hydroxyl 
groups to which the first PN A synthons is attached as an ester. ' 

Various methods already described in the chemical literature for peptide synthesis are 
generally applicable to PNA oligomer synthesis. These methods include, but are not limited to, 
solid phase peptide synthesis and solution synthesis. For example, in solid-phase synthesis, 
following coupling of the first amino acid, the next step is the systematic elaboration of the 
desired PNA chain. This elaboration involves repeated deprotection/coupling cycles. The 
temporary backbone protecting group on the last-coupled amino acid, such as Fmoc, is 
quantitatively removed by a suitable treatment, for example by base treatment with piperidine, so 
as to liberate the N-terminal amine function. 

The next desired N-protected amino acid is then coupled to the N-terminal of the last- 
coupled amino acid. This coupling of the C-terminal of an amino acid with the N-terminal of the 
last-coupled amino acid can be achieved in several ways. For example, the carboxyl group of the 
incoming amino acid can be reacted directly with the N-terminal of the last-coupled amino acid 
with the assistance of a condensation reagent such as, for example, dicyclohexyicarbodiimide 
(DCC) (Sheehan & Hess, et al., J. Am. Chem. Soa, 1955, 77, 1067) and diisoproplycarbodiimide 
(DIC) (Sraantakis et al, Biochem, Biophys. Res. Commun,, 1976, 73, 336) or derivatives thereof. 
Alternatively, it can be bound by providing the incoming amino acid in a form with the carboxyl 
group activated by any of several methods, including the initial formation of an active ester 
derivative such as a 2,4,5-trichlorophenyl ester (Pless, et al., Helv. Chim. Acta, 1963, 46, 1609), a 
phthalimido ester (Nefkens, et al., J. Am. Chem. Soc, 1961, 83, 1263), apentachlorophenyl ester 
(Kupryszewski, Rocz. Chem., 1961, 35, 595), a pentafluorophenyl ester (Kovacs, et al., J. Am. 
Chem. Soc, 1963, 85, 183), an o-nitrophenyl ester (Bodanzsky, Nature, 1955, 175, 685), an 
imidazole ester (Li, et al, J. Am. Chem. Soc, 1970, 92, 7608), and a 3-hydroxy-4-oxo-3,4- 
dihydroquinazoline (Dhbt-OH) ester (Konig, et al., Chem. Ber., 1973, 103, 2024 and 2034), or 
the initial formation of an anhydride such as a symmetrical anhydride (Wieland, et al., Angew. 
Chem., Int. Ed. Engl, 1971, 10, 336). Benzotriazolyi N-oxytrisdimethylaminophosphonium 
hexafluorophosphate (BOP), "Castro's reagent" (see, e.g., Rivaille, et al.. Tetrahedron 1980, 36, 
3413) is recommended when assembling PNA molecules containing secondary amino groups. 
Preferred reagents for activity the carboxylic acid groups include l-hydroxy-7-azabenzotriazole 
(HOAT) and its phosphonium and uronium salts. See Carpino, L. J.Am. Chem. Soc, (1993) 115, 
4397. Finally, activated PNA monomers analogous to the recently-reported amino acid fluorides 
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(Carpino. J. Am. Chem. Soc, 1990, 1 12, 965 1) hold considerable promise to be used in PNA 
synthesis as well. 

Following assembly of the desired PNA chain, including protecting groups, the next step 
will normally be deprotection of the amino acid moieties of the PNA chain and cleavage of the 
synthesized PNA from the solid support. These processes can take place substantially 
simukaneously, thereby providing the free PNA molecule in the desired form. Alternatively, in 
cases in which condensation of two separately synthesized PNA chains is to be carried out, it is 
possible by choosing a suitable spacer group at the start of the synthesis to cleave the desired ^ 
PNA chains from their respective solid supports (both peptide chains still incorporating their side- 
chain protecting groups) and finally removing the side-chain protecting groups after, for example, 
coupling the two side-chain protected peptide chains to form a longer PNA chain. 

After the PNA-DNA chimera has been synthesized and isolated, many potential uses of 
the various sequence combinations are realized. One such use is as a therapeutic or antisense 
agent. PNA-DNA chimeras can be administered to organisms in a variety of ways or forms 
known in the industry thereby assisting in the maintenance of a healthy organism or helping 
increase the rate of recovery from poor health. 

PNA-DNA chimeras may be useful as primers in a polymerase reaction. The PNA-DNA 
chimera is contacted with a nucleic acid polymer to which the chimera recognizes and binds to, 
thereby beginning the polymerase reaction. 

PNA-DNA chimeras also may be useful as probes for the detection of a genetic sequence. 

The invention, being generally described above, is now more specifically illustrated by way 
of the following examples, which are not meant to Umit the invention, unless otherwise noted. 

Examp les 

Example 1 

Svnthesis of 4.4''-dimethvlbenzhydrQl (I^ 

To 4.73 mole of magnesium chips was added dropwise, at a rate necessary to maintain a 
vigorous reflux after initiation of the reaction, a solution containing 4,4 mole of 4-bromo toluene 
which had been diluted to a total of 3 liters (L) with dry tetrahydrofuran (THF). After the 
addition was completed, the reaction was allowed to stir until it had cooled near room 
temperature (about one hour). To the prepared grignard reagent was added dropwise 4.3 mole of 
p-tolualdehyde at a rate necessary to cause the reaction to reflux. After addition was completed. 
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the reaction was allowed to stir until it had cooled near room temperature (about 30 minutes). 
The reaction was then concentrated to about half volume and poured into a heterogeneous 
solution (briskly stirring) containing 2.5 liters of dichloromethane and a solution containing 4.8 
moles of potassium hydrogen sulfate diluted to 4.5 liters with water. After addition, a solution 
containing 3N HCl was added until all the salts had dissolved (dichloromethane layer on top). 
The layers were separated and the organic layer washed one time with dilute sodium phosphate 
buffer (pH 5), The product was dried, filtered and evaporated. Yield: 970 grams green oil. The 
product was recrystallized from 1.6 liters of hexane/ethylacetate (9:1). Yield: 660.1 grams (g> 
white solid (72%). A a second crop was obtained from the mother liquor by recrystallizing from 
500mLethylacetate/hexane(9:l). Yield: lOS.Og white solid (11.8%). Total Yield: 768.1 g» 
3.62 mole (84%). 

^H-NMR deutero chloroform (CDCI3): 6 = 7.3-7.0 (dd, 8H), 5.7 (s, 1H)» 
2.3(s,6H),2.2(s, IH) 

Example 2 

Synthesis of N-f4.4*-dimethvlbenzhvdroloxycarbonvl')-ethylenediamine (11) 

To 130 millimole (mmole) of carbonyldiimidazole (CDI) suspended in 100 mL of 
dichloromethane (DCM) and stirring at 0**C was added dropwise a solution of 125 mmole of 4,4'- 
dimethyibenzhydrol dissolved in 60 mL of dichloromethane. The reaction was allowed to stir for 
30 minutes after the addition was complete. Thin layer chromatography (tic) analysis after 30 
minutes indicated a complete reaction. The product was transferred to a separatory funnel and 
washed two times with 70 mL of water. The dichloromethane layer was then dried with sodium 
sulfate, filtered, and evaporated. Yield: 40g white solid. 

To one mole of ethylenediamine stirring at O'^C was added dropwise a solution containing 
die 40g of isolated product dissolved in 150 mL of dichloromethane. The reaction was then 
allowed to stir for 30 minutes after the addition was completed. The solution was then 
transferred to a separatory funnel and extracted four times with 100 mL of water. (The last wash 
contained a small amount of brine to minimize emulsion formation.) The dichloromethane layer 
was then dried with sodium sulfate, filtered and evapomted. Yield: 37.8g clear yellow oil 
(101%) 

*H-NMR (CDCI3): 5 = 7.3-7.0 (dd, 8H), 6.7 (s, IH), 5.5 (mJH), 3.2^3.1 (dd, 2H), 
2.8-2.7 (t, 2H), 2.3 (s, 6H). 1.1 (s, 2H) 
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Example 3 

Synthesis of N-(4,4'-dimethvlbenzhvdrQloxvcarbonvl)~N'4rifluoroacetvl-ethy lenediamtiift (nT) 
To the 37. 8g of N-(4,4'-dimethylbenzhydroloxycarbonyl)-ethyienediamine isolated in 
example 2 was added 200 niL of dichloromethane and 50 mmole of triethylamine. The solution 
5 was cooled in an ice bath and then 150 mmole of ethyl trifluoroacetate was added dropwise. A 
white solid product crystallized over the next one hour period and was theii collected by vacuum 
filtration. The filtrate was allowed to stir overnight and then transferred to a separatory funnel 
After transfer, the solution was washed two times with sodium phosphate buffer (pH 6), dried ^ 
with sodium sulfate, filtered and evaporated. The residue was recrystallized from 250 mL of 
10 hexane/ethylacetate (3:2), Yield: 16.6 g white solid (34%). The product initially collected by 
vacuum filtration weighed 21.05g (42%) Total Yield is 37,65g (76%). 
^H-NMR (CDCI3): 5 = 7.6 (m, IH), 7.3-7.0 (dd, 8H), 6.7 (s, IH), 5.4 (m,lH), 
3.4^3.2 (m,4H), 2.3 (s,6H). 

Example 4 

15 Synthesis of N>fN'-.4.4'-dimethylbenzhvdroloxycarbonyl -(2' -a minoeth ym glycine (IV) 
To 40 mmole of N-(4,4'-dimethylbenzhydroloxycarbonyl)-N'--trifluoroacetyl- 
ethylenediamine stirring in 160 mL of dry tetrahydrofuran (THE) at OT was added 44 mmole of 
sodium hydride. The reaction was allowed to stir in an ice bath until all gas evolution had ceased 
and the deep blue color disappeared. To the reaction was then added 48 mmole of ethyl 

20 bromoacetate. The reaction was then allowed to stir overnight while warming to room 

temperature. In the morning the solvent was evaporated and the residue repartitioned with 100 
mL of ethylacetate and 100 mL of sodium phosphate buffer (pH 6). The organic layer was then 
washed one time with water and then dried with sodium sulfate, filtered and evaporated. Yield: 
19.72 g orange oil (90%), 

25 The residue was dissolved in 240 mL of ethanol/acetonitrile (1 : 1) and then 60 mL of water 

was added. The solution was cooled in an ice bath and then 160 mL of 2.5N aqueous lithium 
hydroxide was added. Reaction was allowed to stir for 1 hour (hr) and then 3 N HCl was added 
dropwise very slowly until the pH was 8-9 by paper. To the solution was then added 15 mL of 
IM NaH2P04 to adjust the pH to 7. A white precipitate then formed and the solution was then 

30 concentrated on a rotoevaporate until approximately 150 mL of solvent was removed. The 
residue was then extracted with 3X 100 mL of ethylacetate. All ethylacetate layers were 
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combined and back extracted one time with IM phosphate buffer (pH 7). The ethylacetate layers 
were dried in sodium sulfate, filtered and evaporated. Yield: 14.3 g yellow foam. 
Reciystallized from 400 mL acetonitrile. Yield: 8:35g (59%). Recrystallized again from 100 mL 
ACN. Yield: 7.63g{54%). 

^H-NMR deutero methyl sulfoxide (d^DMSO): 8 = 7.7 (m, IH), 73-7.0 (dd, 8H), 6.6 (s, IH), 
3.3-3.1 (m, 4H), 2.9 (m, 2H). 2.3 (s, 6H) 

Example 5 

Synthesis of 2-(r-thyminyl)acetic acid 

To 300 grams of thymine was added 750 mL hexamethyldisilazane and 15 grams of 
ammonium sulfate. The stirring reaction was heated at reflux until no more gas was evolved. The 
reaction was then cooled to 80°C and then 160 mL of ethylbromoacetate was added. Gentle 
heating of the reaction was continued until tic analysis indicated that 95% of the starting material 
was consumed. The reaction was then cooled to 20^C in an ice bath and then 150 mL of 
methanol was added dropwise while stirring in the ice bath. Once the addition of methanol was 
complete, 2.5 liters of 3N NaOH was added carefully. The ice bath was then removed and gas 
was passed over the reaction rapidly to vaporize excess silanes. Then 80 grams of sodium 
hydroxide was added and the reaction was allowed to stir overnight. In the morning. 1 L of 6N 
HCI was added to the reaction to cause the product to crystallize. The product was then 
collected by vacuum filtration and washed with dilute aqueous hydrochloric acid. The collected 
product was then suspended in 1.5 L of acetonitrile and the solution allowed to reflux with 
stirring. After cooling overnight, the solid was agam collected by vacuum filtration, washed with 
acetonitrile, dichloromethane, and acetonitrile. Yield: 327 grams (75%). 
*H-NMR (dfiDMSO): 5= 12.06 (s, IH). 11,31 (s, IH). 7.48 (s,lH), 4,35 (s, 2H), 1.74 (s. 3H) 

Example 6 

Svnthesis of 2.2>>dimethyl-l-cyanoethoxycarbonyl-imidazole (XIV) 

To 250 mmole of carbonyldiimidazole suspended in 100 mL of dichloromethane was 
added 260 mmole of 2-hydroxy-2-methyl-butyromtrile. The reaction stirred for about 20 hours 
and then was transferred to a separatory funnel An additional 250 mL of dichloromethane was 
added and the solution was then washed three times with 100 mL of water. The organic layer 
was then dried with sodium sulfate, filtered and then concentrated to about 50 mL. Immediately 
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thereafter, 200 mL of ether was added with brisk stirring and the solution was then cooled in an 
ice bath for 30 minutes. The white solid product was then collected by vacuum filtration. Yield: 
29.6 grams (61%). 

^H-NMR (daDMSO): 5 = 8.1 (m, IH), 7.4 (m, IH), 7.1 (m, IH), 3.1 (s, 2H), 
L8(s,6H) 

Example 7 

Synthesis of t-Butyl 2>rr-cvtosvnacetate (V) 

To 200 mmolc of cytosine was added 250 mL of DMF and 215 mmoles of potassium-t^ 
butoxide. The reaction was then heated to 60X with brisk stining and then immediately cooled 
toO°C. To the ice cold solution was added dropwise 215 inmoles of t-'butyl-bromoacetate. The 
reaction as allowed to stir one hour at 0**C and then it was concentrated. The residue was poured 
into 500 mL of water containing 30 mmoles of 3N hydrochloric acid The solution stirred for 20 

mmutesandthenthe white solid product was collected by vacuum filtration. Yield: 32.08g 
(71%), 

^H-NMR (d,DMSO): 8 = 7.5 (d, IH), 7.1 (s, 2H), 5.7 (d, IH), 4.3 (s, 2H), 1.4 (s, 9H) 
Example 8 

Sv ntbfigis of t-Butyl 2-rN^^-2.2-dimethvl-l-cvanoethQxycarbonvl fr~c vtosvniacetate (VI) 

To 52 mmoles of 2,2-^methyH-cyanoethoxycarbonyl-imidazole in 150 mL of 
dichloromethanc (at 0**C) was added 50 mmole of Methyl trifluoromethanesulfonate (dropwise). 
The reaction was allowed to stir for 30 minutes and then 35 mmole of t-Butyl 2-(r- 
cytosyl)acetate was added.' The reaction was allowed to stir until complete by tic analysis (24 
hours). The product was transferred to a separator/ funnel and extracted once with 50 mL of 5% 
potassium hydrogen sulfate and once with 5% sodium bicarbonate. The organic layer was then 
dried with sodium sulfate, filtered and evaporated. The residue was recrystallized with 
ethylacetate. Yield: 7.35g(60%). 

^H-NMR (CDCI3): 5 = 7.5 (d, IH), 7.1 (d. IH), 4.5 (s, 2H), 2.9 (s, 2H), 1.7 (s, 6H) 
1.5 (s, 9H) 
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Example 9 

Synthesis of 2-rN^^-2,2-dimethvl-l-(yano6thoxvcarbonyin'-cvtosvniace^^^ acid rVTT) 
To 25 mmole of t-Butyl 2-[N'4-2,2-dimethyl-l-cyanoethoxycarbonyl (r-cytosyI)]acetate was 
added 25 mL of dichloromethane and 50 mL of trifluoroacetic acid (TFA). The reaction as 
5 allowed to stir until the ester completely hydrolyzed (four hours). The solution was then 
concentrated and redissolved in 10 mL of dichloromethane. The product was precipitated by 
adding this solution dropwise to 350 mL of briskly sturmg ice cold ethyl ether. The product was 
then collected by vacuum filtration. Yield: 7.60g white solid (103%). [Does not appear to exist 
as a TFA salt.] 

10 'H-NMR (d^DMSO): 6= 8.0 (d, IH). 6.9 (d, IH), 4.5 (s, 2H), 3.2 (s, 2H), 1.5 (6H) 
Example 10 

Synthesis of t-Butyl 2-r9*-adenynacetate (Vm 

To 200 namoles of adenine was added 400 mL of dried dimethylformamide (DMF). To 
the stirring suspension was then added 230 mmoies of sodium hydride. The solution was allowed 

15 to stir overnight at room temperature and then cooled in an ice bath for 30 minutes. Thereafter, 
220 mmoies of t-butyl bromoacetate was added dropwise. The solution as then stirred for 30 
minutes and then concentrated to about 50 mL under reduced pressure. The residue was then 
poured into L5 L of water containing 20 mL of 10% sodium carbonate. After stirring 30 
minutes, the white solid product which precipitated was collected by vacuum filtration. The wet 

20 product was then recrystallized from 300 mL of acetonitrile/water (9: 1). The product crystals 
were collected by vacuum filtration. Yield: 25.94 grams (52%). 
^H-NMR (dfiDMSO): 5 = 8.13 (s. IH), 8.10 (s, IH), 7.24 (s. 2H), 4.9 (s, 2H). 
1.4 (s, 9H) 

Example 1 1 

25 Synthesis of t-Butyl 2-rN'^-'2,2-dimethvl-l-cvanoethoxvcarbonvl f9*-adenymacetate (IX) 
To 2,2-dimethyl-l-cyanoethyoxycarbonyl-imidazole was added lOOmL of 
dichloromethane. The solution was cooled in an ice bath for 30 minutes and then 50 mmole of 
Methyl trifluoromethanesulfonate was added dropwise. The reaction was allowed to stir 30 
minutes in an ice bath and then 35 mmoies of t-Butyl 2-(9'-adenyl)acetate was added and the 

30 reaction stirred until complete by tic analysis (four days). The solution was then transferred to a 
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scparatory funnel, extracted once with 70 mL of 5% potassium hydrogen sulfate, once with 5% 
sodium bicarbonate, and once with a dilute sodium chloride solution. The organic layer was then 
dried with sodium sulfate, filtered and evaporated. The white solid product was crystallized ftom 
130 mL of ethyl acetate. Yield: 10.17 gram (77%). 

^H-NMR (d^DMSO): 5 = 10,5 (s, IH), 8.6 (s. IH), 8.4 (s,lH), 5.1 (s, 2H). 3.2 (s, 2H), 
1.6(s,6H), 1.4(s,9H) 

Example 12 

Synthesis of 2-rN ^6. 2^ 2-dimethvl-l-cvanoethoxvcarbQnyl(9^ad&nvn-) acetin (Y) 

To 28 nmiole of t-Butyl 2-[N'6-2,2-dimethyl-l-cyanoethoxycarbonyl (9'-adenyl)]acetate 
was added 25 mL of dichloromethane and 50 mL of trichloroacetic acid (TFA). The reaction was 
stirred until all the ester was hydrolyzed as indicated by tic analysis (4 hours). The solution was 
then concentrated to an oil and the residue redissolved in 10 mL of dichloromethane. The 
product was then precipitated by dropwise addition of this solution to briskly stirring ice cold 
ethyl ether. The product was then collected as a white solid by vacuum filtration. Yield: 1 1.55 g 
off-white solid (95%). [Product believed to exist as a TFA salt.] 
^H-NMR (deDMSO): 8 = 8.6 (s. IH), 8.5 (s, IH), 5.1 (s, 2H), 3.2 (s. 2H). 1.6 (s, 6H) 

Example 13 

Synthesis of Benzvl 2-[6^-chloror9*-purinymacetate (XI) 

To 6-chloro-2-amino purine (300 g. 1.77 mole; Pharma-Waldorf GmbH, Germany, P/N 
471720) and potassium carbonate (366 g; 2.65 mole, Aldrich Chemical, Milwaukee, WI 
(hereinafter Aldrich) P/ N 34,782-5) was added dimethyl formamide (DMF, 3 L) and the solution 
was warmed until all the 2-amino-6-chloropurine dissolved (84^ C). The mixture was then cooled 
in an ice bath and benzyl-2-bromoacetate (299 mL, 1.89 mole; Aldrich P/N 24,563-1) was added 
dropwise over the course of one and one half hours. The mixture was stirred for an additional 
three hours at 0°C and was then stirred overnight at ambient temperature. The following day the 
reaction mixture was filtered and the filtrate was then poured into a solution containing 7 liters of 
water and 150 mL of concentrated hydrochloric acid (HCl). The mixture was stuxed for 2 hr, and 
the product was then isolated by filtration. The product was washed thoroughly with water and 
subsequenUy recrystallized by portion-wise addition of the solid to boiling acetonitrile (3 L). The 
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very red solution was left overnight and filtered the next day. The product was washed 
thoroughly with methanol and then diethylether. Yield 386 g (69%) 
• ^ H - NMR (d, DMSO) 8 = 8.14 (1 H, s), 7.4-73 (5 H, m), 7.02 (2 H, s), 5.21 (2 H, s), 5.08 (2H, 
s). 

Exam ple 14 

Synthesis of Benzyl 24N^2,2-rMethvlthiolethoxvcarbonvI-6^-chloror9^p urinyn]ar.fttaff> (YTT) 

To 50 nmiol of Benzyl 2-[6'~chloro(9'-purinyl)]acetate was added about 200 mL of 
freshly distilled tetrahydrofuran. The reaction was cooled for 20 minutes in an ice bath and then 
20 mmol of triphosgene was added. The reaction was allowed to stir 30 minutes at 0*^0 and then 
130 mmol of diisopropyiethylamine was added dropwise. After stirring 20 minutes at 0**C. 70 
nunol of 2-(methylthio)-ethanol was added. The reaction was allowed to stir overnight while 
warming to room temperature. In the morning, the reaction was concentrated to about half 
volume and then poured into a stirring solution containing 500 mL of water and 30 mmol of HCI. 
This mixture was allowed to stir for 30 minutes and then the product was then collected by 
vacuum filtration. The product was recrystallized from ethanoL Yield 74% 
^HNMR (d,DMSO) 8 - 10,8 (IH, s), 8.5 (IH, s). 7.35 (5H, m), 5.22 (4H, m), 4.25 (2H,t), 2.75 ' 
(2H,t),2,15(3H,s) 

Example 15 

Synthesis of 2-rN^^-2-rMe thvlthio^ethoxvcarbonvir9^-guanvD1 acetic add (XIII) 

To 75 mmol of 95% sodium hydride was added about 100 mL of freshly distilled 
tetrahydrofuran. The solution was cooled in an ice bath for 20 minutes and then 75 mmol of 3- 
hydroxypropionitrile was added. Reaction was stirred at 0°C for 2 hours and then 15 mmol of 

Benzyl 2-[N*2-2-(Methylthio)-ethoxycarbonyl-6'-chloro(9'-purinyl)]acetate was added. The 
reaction was allowed to stir overnight while warming to room temperature. In the morning, the 
solvent was completely evaporated and then a solution containing 200 mL of water. 54 grams of 
sodium chloride and 8 grams of K2S2O7 was added. The solution was stirred briskly for 15 

minutes and then the sohd product filtered off. The product as purified by boiling in acetonitrile. 

Yield 83%. 

^HNMR (d,DMSO) 5 = 1 1.52 (IH, s), 1 1.37 (IH, s) 7.93 (IH. s). 4.9 (2H, s), 4.35 (2H,t), 2.785 
(2H,t).2.15(3H,s) 
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Examp le Tfi 

thvminvl^ar-ftfYi]f>iY/^;n^ (XK) 

«>moon w«, aUowed » <* for hem a.O-C and to i, was .died » 
following reaction as described below. 

To3.3nunoleof2-(lVfty„unyl)aceticacidwasadded I5mLofacetonitrileand 12 ^ 
-oleofN-methylmorpholine. 11,0 soludon was allowedtostir while cooU^^ 
3.7 nnnole of trimethylacetyl chloride was added to the solution. After stixxing for 1 5 minutes 
abquots of reaction were removed and reacted with diethylamine to detennine whether complete 

anhydndefonnationhadoccu,red. After tic analysishadindicated completion fo^^^^^ 
anhydride, the above described reaction was added dtopwise to the product of this reaction and 

this mixture was then aUowedtosdr for 30minutes.Theproductwas then evaporated and the 

raszdue partitioned with 30 mLof ethyl ether and 30 mLofasolutioncontaining3%N- 
methylmoipholine in water. 

The laye« were separated, and the organic layer washed one time with 30 mL of a 

solution contaimng3%N.methyhnorpholinei„ water, llie organic layer was d^^^^ 

sulfate and filtered into a second flask. The total volume of the solution was adjusted to 75 mL 

by the addition ofmore ethyl ether. Tothis solution was added 12mmoleofN-methylmo,pholine 
and 3 mmole of triethylamine trihydrofluoride (Et,N • 3HF). To *e solution was added 30 mL 

ofwaterafterSmin (pH to 7 - 8 by paper). To the solution was added additional ethy, ether and 

3000. ofasolutioncontaining3%N-methylmo,pholinein water. TT^layers were separated 
the aqueous layer was evaporated. The residue was tiien partitioned with 30 mL of 

d.chloromethaneand40mLofapH3.5*buffer.Thelaye. were separated and the organic layer 
was then dried withsodiumsulfate.fUteredand6mmoleN-meti,ylmorpholine^ 
filtrate. The filtrate was ti»en evaporated and the residue dissolved in a minimal amount of 

d,cWoromethane.Theproductwasti.enprecipitatedby dropping this solutionintobrisklystirri^^ 
icecoldethylether. The product was coUect«d by vacuum filt^tion. Yield: 0.872g(48%) 
*[pH 3.5 buffer consisted of 0.2 M citric acid. 0.2M Na2HP04. 0.2M NaHaPOJ 
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■H-NMR (d^MSO): 6= 11.3 (■„. m,,, 7.7-7.4 ,„,, ,3.,.„ ^ , 

mj. 2H), 4.4 2H). 4.0 .u, 2H). 3.9 (s. mj, 2H). 3.6 (, 1/2 NMM), 3.5-3.0 4H) 2.4 
(U/2NMM).2.25(s,6H).2.20,l/2NMM,,1.7(s,3H,nePNAsy„,tap,.p^ ' ' 

fbnn, .» Mgnaled Mj f„, ™jor signal (fte 1,^., sig™,, ^ ^„ 
11« -umte of p™„„, designed a,e «al „„„,b„ f„ a. c«„,bi„e<i »g^, p„ 

aon<»»r a. .bunda,„» w»xi«ely ^ ^ 

merely inserted for convenience of the reader. 

Example 17 

of N-rN'M .,£,d|mettolbSi^^ 

added ISmLofacetonitrileandPnunoleofN-methylmo^phoIine. The solution was allowed to 
'=«oI--icebathandthen6n>n«,leoftriisopropylsi,yIcWori^ T^e solution was 

aUowedtostirfonwohoursatOoCandthenitwasacldedtotheproductofthefoU^^^^^ 
as described below. 

added 15n^of acetonitrileandPmmoIeofN-inethylmotpholine. The solaUon was allowed to 
stu- while cooling to O'C and then 3.7 nunole of trin^thylacetyl chloride was added to the 

solution. Afterstitringforl5nun«tesaliquotsofreactio„wereretnovcdand,.actedwith 
dtethylannne to detenmnewhethercomplete anhydride fot^ati^^ 
had andicat^i complete formation of the anhydride, the above described reaction was added 
diopwise to theproduct of this reaction and this mixture was then allowed to stir for 30 minutes 

'^^P"^"^^^^*^°-apo-tedandtheresiduepartitionedwith30mLofetherand30 
mLofasolutioncontaining3%N-methyhnorpholineinwater. The layers were separated and 
theorganic layer washed onetime with 30 mL of a solution containing 3% N-methylmorpholine 

-water. The organic layer was dried with sodium sulfate and filtered into a second flaslc Tothis 
solution was added 9 mmole of N-methyhnoq,hoIine and 2.2 mmole of triethylamine 
trahydt^fluoride. Because the pH was determmed to be very high, excess triethyamine 
30 trihydrofl«oridewasaddedtoadjustd,epHto7or8bypaper. To the solution was added 
additional ethyleth.and30mLofasolutionco„taining 3% N-methylmorphohne 
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layei. were sepamtcd and the pn^duct detennined to be in the aqueous layer. The organic layer 
was washed one time with 30 mL of 3% N-methylmoipholine in water. The water layers were 
combined and then evaporated to a white gel. The gel was co evaporated two times from water 
and one time from dry tetrahydroW (THF). The residue was then partitioned with 25 mL of 
5 dichloromethaneand30mLofapH3.5*buffer. The product was detennined to be in the 
dichloromethane layer. The layers were separated and the organic layer washed one time with 
dilute sodium chloride solution. The organic layer was then dried with sodium sulfate filtered 
and evaporated. Yield: 1.61 grams yellow foam (73%). The foam was dissolved in a minimal, 
amount of dichloromethane and the product precipitated by dropping this solution into a stirring 
10 solution of ice cold e%l ether. Yield: L06 g (48%) 

'H-NMR (d^DMSO): 6 = 7.9-7.7 (m. IH). 7.6 (m. mj. IH). 7.4 (m. mi. IH). 7.3-7.0 (m 9H) 7 0- 
6.8 (m. IH), 6.6 (m. IH). 4.8 (s. mj, 2H). 4.6 (s. mi. 2H). 4.2 (s. mi. 2H). 4.0 (s. mj 2H) 3 6 (t 
1/2 NMM). 3.5-3.0 (m, 4H). 2.4 (t. 1/2 NMM). 2.25 (s. 6H). 2.2 (s, 1/2 NMM). 1.5 (s. 6H) 
*[PH 3.5 buffer consisted of 0.2 M citric acid. 0.2M Na2HP04. 0.2M NaH2P04] 

15 Example ]^ 

Synthesis ofK-rN'M4'-ditneth^rlhrnzhvdmlnvv..rf,», y^ ^ 2'^.m 
diroethyl-l.<;vanoefhoxvr«Tbonvir9'-flH>^Yl)1acetvl^f>lYri«^(Y^/n) 

To 6mmole of N-[N'-.4.4'-dimethylbenzhydroloxycaibonyl -(2'-aminoethyl)]glycine was 
added 35 mL of acetonitrile and 24 mmole of N-methylmoipholine. The solution was allowed to 
10 cooHnanicebathandthenemmoleoftriisopiopylsilylchloridewasadded. An additional 3 
mmole of triisopropylsilyl chloride was added because the tic analysis of the ester fomiation 
indicated incomplete reaction. The solution was allowed to stir for a total of 1 .5 hours at and 
then was added to the product of the following reaction as described below. 

To 7 mmole of 2-[N'6-2.2-dimethyl-l-cyanoethoxycarbonyl(9'-adenyl)]acetic acid was 
added 30 mL of acetonitrile and 28 mmole of N-methylmoipholine. The solution was allowed to 
stir while cooling to 0»C and tiien 7.7 mmole of trimethylacetyl chloride was added to the 
solution. After stirring for 20 minutes aUquots of reaction were removed and reacted with 
dietiiylamme to determine whetiier complete anhydride formation had occurred. Because tiie 
anhydride did not appear to completely form, an additional 0.7 mmole of trimethylacetyl chloride 
was added and the reaction was stined for an additional 10 min. After tic analysis had indicated 
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completion fonnation of the anhydride, the above described reaction was added dropwise to the 
anhydride product of this reaction and this mixture was then allowed to stir for 30 minutes 

The product was then evaporated and the residue partitioned with 60 mL of ethyl ether 
and 60 mL of a solution contaming 3% N-methylmoxpholine in water. The layers were sepatat«l 
and the organic layer washed one time with 30 mL of a solution containing 3% N- 
tnethylmorpholineinwater. The orgamc layer was dried with sodium sulfate and filtered into a 
second flask. To this solution was added 24 mmole of N-methylmorpholine and 6 mmole of 
tnethylaminetrihydrofluoride. To the solution was added60mLof water and then the solutions 
wetestirxeduntileverythingdissolvedCpHatabout Sbypaper). The laye:. were separated and 
the aqueous layer was evaporated. The residue was then partitioned mth 60 mL of 
dichlox^meti^e and 80 mL of a pH 3.5* buffer. The layet. were separated and the organic layer 
was then dried with sodium sulfate, filtered and 12 mmole N-meti,yl morphoUne was added to ti^e 
filtrate. The filtrate was tiien evaporated and ti« residue dissolved in a minimal amount of 
dtchloromethane. The pnxluct was ti,en precipitated by d„,pping this solution into briskly stirring 
ice cold etiryletiier. The product was collected by vacuum filtration. Yield: 2 58 g (57%) 
'H-NMR (d^DMSO): 8 = 10.5 (s, IH). 8.5 (d. IH). 8.3 (d. IH), 7.7 (m, mj. IH). 7 4 (m mi 
IH). 7.3-7.0 (m. 8H). 6.6 (m. IH). 5.2 (s. mj. 2H). 5.1 (s. mi. 2H), 4.2 (s, mi. 2H). 4.0 (s mj' 
2H). 3.6 (t. 1/2 NMM). 3.5-3.0 (m. 4H). 2.4 (t. m NMM). 2.25 (s, 6H). 2.2 (s. 1/2 NMM) 1 6 
(s,6H) 



20 Example ^9 

gyi feis of N-rN-M 4'.d?niPTbvlhenT h ydrnl mfaonvl .f2"..n,inn..K, npT p ^N'^ 
fMetfaYldiio)efhoxvcarfinnvirq'- p..TOvl>1arv.tvl]fTly^;n, (yyttt) 

To5mmoleofN-[N^.4.4'-dimethylbenzhydroloxycarbonyl-(2^aminoeM^^^^^ 
added 25 mL of acetonitrile and 20 mmole of N-meti,yhnorpholine. TT,e solution was allowed to 

15 '^oolinanicebathandti^nlOmmoleoftriisopropylsDylchloridewasadded. Tlxe solution was 

allowed to stir for 1.5 hours at 0»C and then was added to theproduct of ti.e following reaction 
as described below. 

To6mmoleof2-[N'2-2-(Methylthio)ethoxycarbonyl(9^guanyl)]aceticacidwW^^ 
co-evaporated 2 xfiom lOmLof dry DMF) was added 25 mL of acetonitrile. The solution was 

allowed to stir while cooling to 0«C over 20 minutes. Thereafter. 7 mmole of trimefliylacetyl 
chloride was added. Next. 20 mmole of N-mefliyhnorpholine was added dropwise and the 
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solution was allowed to stir for 20 minutes. (As usual, aliquots of reaction were removed and 
reacted with diethylamine to detemune whether complete anhydride formation had occurred.) 

After tic analysis had indicated complete formation of the anhydride, the above described 
reaction was added dropwise to the product of this reaction and this mixture was then allowed to 
stir for 1 hr. The product was then evaporated (not to dryness) and the residue partitioned with 

50 mL of ethyl ether and 50 mLofasolution containing 3%N-methylmoipholine in water. The 
layeis wei« separated, and the organic layer was increased in volume by 20 mL (ether added) and 
then it was washed one time with 30 mL of a solution containing 3% N-methylmoq)holine in . 
water. "Hie organic layer was dried with sodium sulfate and filtered into a second flask. Tothis 
solution was added 20 mmole of N-methylmorpholine and 5 mmole of trieflrylamine 
trihydrofluoride. To the solution was added 50 mL of a solution containing 3% N- 
methyhnoiphoUne m water (pH at about 8 by paper). The layers were separated and the 
aqueous layer was concentrated to 5-10 mL. This was transferred to a separatory funnel and 50 
mL of ethyl acetate and 75 mL of pH 3.5* buffer was added. The layers were separated and the 
organic layer was then dried with sodium sulfate, filtered and 10 mmole N-methyl morpholine was 
added to the filtrate. The filtrate was then evaporated and the residue dissolved in a minimal 
amount of dichloiomethane. The product was then precipitated by dropping this solution into 

200mLicecoldetfaylether. The product was coUected by vacuum filtration. Yield- 165g 
(43%). 

'H-NMR (d^MSO): S = 11.4 (s. IH). 7.8 (d. IH). 7.6 (m. mj. IH). 7.5 (m, mi, IH). 7.3-6.9 (m. 
9H). 6.6 (m. IH). 5.0 (s. mj, 2H). 4.9 (s. mi, 2H). 4.4-4.2 (m. 2H). 4.16 (s, mi, 2H). 4.0 (s. mj, 
2H). 3.6 (t. 1/2 NMM). 3.55-3.0 (m. 4H). 2.8-2.6 (m, 2H), 2.4 (t, 1/2 NMM). 2.25 (m. 6H) 2 2 
(s, l/2NMM).2.1(s.3H) 

]Bxaniple20 

gynthesis Of N-rN"-4.4'-dimethvlb,.nzhvdm1nTvn.ri..«y i -r2"-aminn.thy1)1■^T_p ^H'?- ^ 
(MetiiylsulfonvlWhnTVf;arhn nvir9'-p uany1)]i tcetvn, >lvrinP. 

To 1 mmole of N-[N".4.4'-dimethylben2hydrDloxycarbonyl -(2»-aminoethyl)]-N-[2- 
[N'2-2-(Methylthio)ethoxycarbonyl(9'-guanyl)]acetyl]glycine was added 6 mL of water and 1 
mmoleofN-methylmorphoUne. The solution was stirred until all the solid dissolved Once 
dissolved. 1 mmole sodium tungstate was added to the stirring solution. Then 2.5 mmole of 
hydrogen peroxide (3% hydrogen peroxide in water) was added. The reaction as allowed to stir 
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and was monitored by HPLC analysis. After an hour of stilting, the reaction was heated to 50°C 
to increase the rate of oxidation. Because oxidation did not appreciably increase, the inaction was 
then cooled and an additional 2 mL of 3% hydrogen peroxide in water was added. Thereafter, 
250 microliters (^L) of 3% hydrogen peroxide solution was added every five minutes until HPLC 
5 analysisindicatedthatonlyabout5%unoxidizedmaterialremained. The reaction was allowed to 
stir for an additional 30 minutes and then transfeired to a separatory funnel. To the reaction was 
addedl5mLofdichlon,methaneandl5mLofpH3.5*buffer. Because an emulsion formed to 
the solution was added 10 mL of brine and the solution was allowed to stand until sepai^t^d. The 
organic layer was collected, dried with sodium sulfate, filtered and 100 mL of N- 
10 methyhnorpholine was added to the filtered solution. Because the additional of N- 

methylmorpholine gave a heterogeneous solution, the entire solution was returned to the 
separatory funnel and lOmL of water, 10 mL of brine, and 10 mL dichloromethane was added. 
The layers were separated and the organic layer was collected, dried with sodium sulfate, filtei^d 
and 200 mL of N-methyhnorphoIine added to the filtered product. The solution was evaporated 
and the residue dissolved in a minimum amount of dichloromethane. The product was tiien 
precipitated by dropwise addition of this solution to briskly stirring ice cold ethyl ether. The 
white solid product was collected by vacuum filtration. Yield: 0.561 g yellow solid (75%) 
'H-NMR (d^MSO): 5 = 11.4 (s, IH). 7.8 (d. IH). 7.7- 7.5 (m. IH), 7.3-6.9 (m. 9H), 6.6 (m, 
IH). 5.0 (s. mi. 2H). 4.9 (s. mj. 2H). 4.6^.4 (m. 2H), 4.0 (s, mi, 2H), 3.9 (s. mj, 2H), 3.6 (t 1/2 
NMM), 3.55-3.2 (m. 6H). 3.2 (s. 3H). 2.4 (t. 1/2 NMM), 2.25 (m, 6H), 2.2 (s. 1/2 NMM) ' 

Example 21 

Synthesis of PM A gpr,nA,^n^. R ^^-^^^^^-^^^? ^^; 

Synthesis resin: 50 Milligrams of Boc-BHA-PEG-PS from PerSeptive Biosystems (P/N 
GEN063050) with amino group loading of 0.145 mmole/gram. 

Scale: 7.25 micromole (|uM) scale synthesis 

Other equivalents: 

5 equivalents synthon 36 fiM 

4 equivalents HATU^ 11 milligrams (mg) per coupling 

10 equivalents N-methyhnoipholine 8 |LlL per coupUng 
' HATU = 0-7.azabenzotria2pl-l.yl)-14,3,3,-tetramethyluronium hexafluorophosphate 
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added 180,Lof0.16MHATX;disso,vedi„DMF Isol J^ 

greacdons. (^'^nal monomer concentration was approxixnately 01 M) 



SMheticCvcle 



Step 
No, 



Description 



Deblock Terminal Amino 
Protecting Group 



Repeat step 1: i time 



Wash 
Neutralize 



Couple 



Wash 



Trifluoroacelic Acid OFj^i^:^ 
(95:5) 



Keaction 

Time 

(mln) 



'2.5 



DMF/DCM (1:1) 
Pyridine 

prepared as described above 
DMF/DCM (1:1) 



15 




Capping 



Wash 



10 



Repeat steps 1-9 until 
polymer is assembled 



5% acetic anhydride/DMF 
DMF/DCJM (l;lf 



2.5 



Removed7.2milIigram(mg)ofresin. Tothe,*sininanUlh-.f . ■ 
SB3P230B). was added lOO^oftet^yd^^^^/rr^^^^^^^ 

hydroxidesolution. The tube was se.ed L the soll^^^^^^^ 

was«edfromthebeadsbycarefnllypipettin«tbeh r ' ' 

SB3P23.3).iowedbycen4aJ::r:rr~^^ 
-.ono..ed.H..ollowedbycen^ga.on. P.a„y J^l^ ^ 
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subject«l.o High Cleavage Acid- fori 5 w Th.^M , ''™SE3P230J3) .„d to 

collect acid ,*,i„„.,^„^"r,^ *°"'^^'''°'«^-^»'^ 
»o,e,i„.swi,he,he,.y..pe„,i„„„,^^,„„^ '^f*"-»'-^•»« 
»*p™d„,otai„edis^_^„jt r""^"^"^'""* 



15 



20 



Synthesis resin: 80 Milligrams of Boc-BHA-PEG-PSfmn,P c- ■ 

GEN06^0^m « . PerSq)UveBiosystBins (P/N 

GEN063050)withanunogrouploadingof0.145mmole/gram. ' 

11-6 micromo]e(nM) scale synthesis 

Other equivalents: 

5 equivalents synthon 

4 equivalents HATU 1 r _ 

1 8 mg per coupling 

10 equivalents N-methytooipholiae 8 ^per coupling 

Monomerwaspreparedimnrediatelybeforeeachcoaplingsten Toth«. . 
centrifuge tube was added 145 .,T.f , • P^^^**?- ^othediypowderin a 1 
"''''^^^^^«^^«°^"t^o«containing0.8MN-i««thvi. 



25 DMF/DCMQDto.- , I ^^'^^^"^O'^^N-inethytao^holi, 
MF/DCM (2.1) to dissolve. To the solution was then added 145^of032MHATU 

<^soIvedinDMP.Thesolutio„wasthen:^.edandusedin^dia^,,,,,^^^^^^^ 
(FmalnK,„omerconcentrationwasabout02M) ^^^'^ '^^"Pl^ng reactions. 
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was very 



g (weight increase 28.7 mg) ^ ' 

(«p„„p;NSE3P230«„„„„..,,,,™«^^^ ^^^^ ^ 
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THe resin w,s again transf^d ,o a Uteaii^ Mc. (Miliip». P*, SE3P230J3) and ,h 

au.^.o»„aeava.W.H.„™e.oid.«™,,^^_„J^^7 
<p^.a.onand,He.»i.«.,,„,^,^„,„,^^^ J^'-y 

»..Uonw..,..add.,^o,e,^and^.n..,„^._^^~^ 

W De»poo„ lonizaton-Ume of fligh, (1«ALD-T0F) Masa SpecO^L, 
spec«»^.Cafcu,a,adm„,ecu,„„eigh.„as2648 5r^ 

^ . , . vvcigm was ^04«.5 amu, mass found was CM+m o 

(wOii. ^ «ro, of nusa apcc„ome.nc apparatus). ^ ™ 

■5 ■«W'<^Acid = TFA«f.»«,,„oU,a.ea»,f<*«.id(TFJEA)to-^ 
Examp lft?^ 

Svnthest.^nfp^^/T'MA fhimriii 

Chimerasequencesynthesized: DMBhoc-HN-C^.coNH-li„ker-5'-CCAGT-3' OH 

20 the DNA sequence. '"^"^"^^ the bold sequence represents 

Procedure: 

*'W«'™»^5---i-B»Ii,iedDNAoUgo™rhavi„ga„s,,„e«eM^^ 
™-^.-«:AC^„asa^U»si»d„si^ac„„™„i^,„,,,,,^3„^ 

^•^'^^•'-Bios.^.^.n.as.ndardp^.oco,,^.,,^^,;!^^ 

« ^'=''™'^-'^P°«wasan0.2^MEMSVKas,n,,..isdevi.,P/Nomo5003Cl 
sy.^«.s.an«p,,„sp.oran.di.„,.a,i„,ac,(^.»,Us..^,)..^~ 

VJ11INUJ50020). TTie mornomethoxytrityl fMMT) Prnnn 
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The MEMS YN® device was then transfexn^ to a prototype PNA synthesizer. Tte 
remaining PNA coupling cycles wex« perfonned on the Prototype synthesizer rumung a cycle 



Step 




cuupnng cycle was as follows 


No. 


Description 


Reagents) 


1 Reaction 
Time 
(min) 


1 


Wash ' ~ 


DMF/DCM(1;1) " 




2 


j Purge column with Gas 




0.167 


3 


Wait 




0.167 


4 


Deblock Terminal Amino 
Protecting Group 


25%DCA*inDCM 




5 


Repeat Step 4: 1 time 






6 


Purge column with Gas 




0.167 


7 


Wash 


DMF/DCM(1:1) 




8 1 


Purge column with Gas 




0.167 


9 


Neutralize 


10%PyndineinDMF 1 




10 


Wash 


DMF/DCM(1:1) 




11 


Deliver Monomer 


Activated Synthon Couping Mixture® 






Couple 


Activated Synthon Couping Mixture T 
(Stop Flow) 


1 


13 


Repeat Steps 1M2: 1 
time 






I4 p 


Wash 


DMF/DCM(1:1) " ' — ~" — T 




15 ] 
t 


Repeat Steps M4 until 
he polymer is assembled 






iciixoioaceuc Acid (DCA) ~- ^ 


" i — . 



' Activated Synthon Couping Mixture comprised PNA synthon. HATU. and N-methyhnorpholine 
m a molar ratio of approximately (0. IM : 0.08M : a2M) 

The final DMBhoc group was not amoved after synthesis, rrisessentid that the terminal 
group remain protected until after the ammonium hydioxide deprotection of the side chain 
protecting groups. Prematu^ removal wiU result in partial degradation of the PNA p„>,io„ of the 
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oligomer as described in USSN 09/109,548 entitled " 
and is herein incorporated by reference. 

Cleavay et 



PCT/US96/07844 
' which was filed on ,199 



".AcaBd the prcse,^ of len»i„.I mino g^ups as .^ecBd. 

»55 CforShr. hydroxide »W„„ „ 3^ 

(M-H) 3183.7 o„ Of a« mass spe«r„manc appamus). 
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What is claimed is: 
1 1. 

2 

3 wherein 

4 K and N are chemical bonds; 

5 Q is a linker or chemical bond; 
one of L and M is a nucleotide.moiety of the fonnula; 



A synthetic, substantially pure composition of matter 



compnsmg: 
KLQMN 



6 



7 

* wherein 




9 
10 
11 
12 
13 
14 



G is a secondary mtrogen atom, a tertiaiy nitrogen atom having an alkyl 
subsutuent. an oxygen atom or a sulfur atom; 

B is a protected or unprotected, natural or unnatural nucleobase- 

^'^^^^y^^S-^n^-hy'i-xylgroup.amethoxylgrouporahyd^oxylgroupwhich 
IS protected by aprotecting group; group which 

the other of L and M is a PNA moiety of the formula: 

B 

I 

(CH2)j o O 



15 

^6 wherein 
17 



R7 



18 
19 

20 
21 



G is a secondary nitrogen atom, a tertiary nitrogen atom having an alkyl 
subsdtuent, an oxygen atom or a sulfur atom; 

B is a protected or unprotected, natural or umiatural nucleobase; 
R7 is selected fiom the group consisting of hydrogen and a side chain of . 
protected or unprotected natuially occumng a amino acid; and 
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'''^ "'^^ ^ ' - ^^^^--t and is independently zero or or an integer 

23 from one to five. 

1 2. l^compoundofclaiml^hei^inBisselectedfromthegroupconsistingofad^ 

cytosine. guanine. %rnine, uracil, pseudo isocytosine, 
3 isocytosine,pseudouraciIand2,6-dianiinopurine. 

1 3. ThecompoundofclaimlwhereinatleastoneofKorNisacovalentbond. 

1 4. -niecompoundofclaimlwhei^nBisaprotectednaturalorunnaturalnucIcobas^ ^ 
compnsing an cxocyclic amino group protected by a base labile protecting group. 

1 5. Thecompoundofclaim4whei^inthebaselabileprotecangg„,upisacarbamate 

2 protecting group. 

1 6. The compound of claim 5 whe^in the carbamate protecting group is an ethoxycarbonyl 

2 group having the fonnula: 

O 

3 R3 R4 

4 wherein 



5 Wis an electron withdrawing group; and 

6 the atom or group represented by each of r2-r4 fte same or different and is 

7 -^^'^-tlyselec.^dfiomthegroupconsistingofhydrogen.methyUthyU 

8 n-butylandt-butyl. . fj iiyi, 

1 7. ThecompoundofclaimawhereinKisacovalentbondwhichattachesLtoatleastone 

2 <>«^^--l-tidemoietyhavingabackboneprotectingg„>uporPNAmoietyhavingaback^^^^ 

3 protecting group, 

18. The compound of claim 7 wherein the backbone protecting group is an acid labile 

2 protecting group. 

1 9. The compound of claun 1 comprising a detectable moiety. 



5 
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1 10. The compound of claim 9 wherein the detectable moiety is selected from the group 

2 consisting of enzymes, antigens, radioactive labels,. affinity labels, fluorescent labels, ultraviolet 

3 labels and infrared labels. 

1 11. A PNA synthon having tihe formula: 

Ba 
I 

{CH2)j^0 O 

I A 

Pg-G- (CH2)g^N^(CH2)h"^OH 

2 ^7 

3 wherein 

4 Pg is an acid labile protecting group; 

G is a secondary nitrogen atom, a tertiary nitrogen atom having an alky] substituent, an 

6 oxygen atom or a sulfur atom; 

7 Ba is a natural or unnatural nucleobase having an exocyclic amino group protected by a 

8 base labile amino protecting group; 

9 R7 is selected from the group consisting of hydrogen and a side chain of a protected or 

10 unprotected naturally occurring a amino acid; and 

1 1 each of j, g and h is the same or different and is independently zero or or an integer from 

12 one to five. 

1 12. The compound of claim 1 1 wherein G is a secondary nitrogen atom. 

1 13. The compound of claim 12 wherein Pg is a carbamate protecting group, 

1 14, The compound of claim 1 1 wherein Ba is selected from the group consisting of adenine. 

2 cytosine, guanine, pseudo isocytosine, 5-methyI cytosine, isocytosine and 2,6™diaminopurine. 

1 15. The compound of claim 1 1 wherein the base labile amino protecting group is a carbamate 

2 protecting group. 
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1 16. A PNAsynthon having the formula: 

Ba 

,-°o 

2 fl ^ ^^OH 

3 wherein 

4 Pg is an acid labile amino protecting group; and 

5 Ba is a natural or unnatural nucleobase having an exocyclic amino group protected by 

6 base labile amino protecting group. 

3 17. The compound of claim 16 wherein Pg is a carbamate protecting group. 

1 18. The compound of claim 17 wherein the carbamate protecting group is 

2 4,4'-dimethylbenzhydroloxycarbonyl. 

1 19. The compound of claim 16 wherein the Ba is selected from the group consisting of 

2 adenine, cytosine. guanine, pseudo isocytosine, 5-methyl cytosine. isocytosine and 2,6- 

3 diaminqpurine. 

1 20. Thecompoundofclaimiewhereinthebaselabileammoprotectinggroupisacaibamate 

2 protecting group. 

1 21. TheconM)oundofclaim20whereintfaecarbamateprotectinggroupisanethoxycaibonyl 

2 group having the formula: 

0 

3 R3 R4 

4 wherein 

5 W is an electron withdrawing group; and 

6 the atom or group represented by each of r2-r4 is the same or different and is 

7 independently selected from the group consisting of hydrogen, methyl, ethyl, n-propyl, isopropyl. 

8 n-butylandt-butyl. 
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1 22. The compound of claim 20 wherein the carbamate protecting group is 
. 2 9-fIuorenyhnethyloxycarbonyl. 

1 23. The compound of claim 20 wherein the carbamate protecting group is a 1- 

2 cyanoethoxycarbonyl group having the foimula: 

3 R3 R4 

•■4 

4 wherein 

5 the atom or group represented by each of r2.r4 is the same or different and is 

6 independently selected from the group consisting of hydrogen, methyl, ethyl, n-propyl, isopropyl, 

7 n-butyl and t-butyl. 

1 24. The compound of claim 20 wherem the caibamate protecting group is a sulfo- 

2 ethoxycarbonyl gmap having the formula: 

O 

R2 H 

3 R3 R4 

4 wheatein 

5 n is one or two; 

6 the atom or group represented by each of r2-r4 is the same or different and is 

7 independently selected from the group consisting of hydrogen, methyl, ethyl, n-propyl, isopropyl, 

8 n-butyl and t-bulyl; and 

9 r5 is selected from the group consisting of methyl, ethyl, n-propyl. isopropyl, n-bulyl, t- 
10 butyl and a substituted or unsubstituted phenyl group. 



1 25. 



The compound of claim 24 wherem the phenyl group has the formula: 

b a 



2 

3 wherein 
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the atom or group represented by each of a-e is the same or different and is independently 
selected from the group consisting of F, CI, Br, I, hydrogen, methyl, ethyl, isopropyl, n-piopyl, n- 
butyl, t-butyl, phenyl, methoxy, ethoxy, -NO2. -CN, -SO3H, .SCH3 and -{0)SGH3. 

26. A PNA synthon having the formula: 
wherein 

Pg is an acid labile amino protecting group of the formula: 




•As 

A4 A7 
wherein 

each of Ai-Aio is the same or different and is independently selected from the 
group consisting of hydrogen, methyl, ethyl, n-propyl, isopropyl, n^-butyi, t-butyl, hydroxy, 
methoxy, ethoxy, amide and ester groups; and 

r4 is selected from the group consisting of hydrogen, methyl and ethyl; and 
Ba is a natural or unnatural nucleobase having an exocyclic amino group protected by a 
base labile amino protecting group wherein the base labile protecting group has the formula: 

wherein 

W is an electron withdrawing group; and 

the atom or group represented by each of r2-r4 is the same or diffraent and is 
independently selected from the group consisting of hydrogen, methyl, ethyl, n-propyl. isopropyl, 
n-butyl and t-butyl. 



wo 96/40709 



PCTAJS96/Q7844 



- -77- 

1 27. The compound of claim 26 wherein the base labile protecting group is 2,2-dimethyH- 

2 cyanoethoxycarbonyl. 

1 28. The conq)ound of claim 26 wherein the base labile protecting group is 2- 

2 (methylsulfonyl)ethoxycarbonyl or 2-(phenyIsuIfonyl)ethoxycarbonyl. 



1 29. A PNA synthon of claim 16 having the formula: 




1 30. A PNA synthon of claim 16 having the formula: 



O 



H 




OH 
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1 31. A PNA synthon of claim 16 having the fonnula: 



-N 



H3C-S(0)n 
HgC 



0 HN jT ^ 

0 Y O 




OH 



3 wherein n is one or two. 



1 32. APNAsynthonof claim 16 having the formula: 




O 



OH 



3 wherein n is one or two. 
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1 33 . A PN A synthon having the formula: 



HN 




CH, 



HaC 



2 

1 34. 




H 



OH 



A PNA synthon of claim 16 having the fonnula: 



HN O 
HN'^N 




o Y o 



1 35. A synthetic, substantially pure composition of matter conaprising: 

2 KLQMN 

3 wherein 

4 K and N are chemical bonds; 

5 Q is a linker or chemical bond; and 
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each of L and M is the same or different and is independenUy a PNA moiety having the 
formula: 

Ba 
I 

Y A 

-G- (CH2)g^N ^(CHa)^'^^ 

wherein 

G is a secondary nitrogen atom, a tertiary nitrogen atom having an alkyl 
substituent, an oxygen atom or a sulfur atom; 

Ba is a natural or unnatural nucieobase having an exocyclic amino group protected 
by a base labile amino protecting group; 

r7 is selected from the group consisting of hydrogen and a side chain of a 
protected or unprotected naturally occurring a amino acid; 

each of j, g and h is the same or different and is independently zero or or an integer 
from one to five. 

36. A method of synthesizing a molecule comprising the steps of: 

(a) providing a pair of compounds Y and Z, 
wherein 

one of Y and Z is a nucleotide moiety comprising a trivalent phosphorus having the 
foimula: 

B 

Pn-G 



o— p; 

wherein 

Pn is a hydrogen atom or a protecting group; 

G is a secondary nitrogen atom, a tertiary nitrogen atom having an alkyl 
substituent, an oxygen atom or a sulfur atom; 

B is a protected or unprotected, natural or unnatural nucieobase; 
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12 D is a hydrogen atom, a hydroxyl group, a methoxyl group or a hydroxy! group 

13 which is protected by a protecting group; 

14 r6 is a protective group which can be eliminated; and 

15 l1 is a leaving group or chemical bond; 

16 the other of Y and Z is a PNA moiety the formula: 

B 
I 

Pa-G- (CH2)gs^N Y(CH2)h^^L2 

17 R7 

18 wherein 

19 Pa is a hydrogen atom or a protecting group; 

20 G is a secondary nitrogen atom, a tertiary nitrogen atom having an alkyl 

21 substituent, an oxygen atom or a sulfur atom; 

22 B is a protected or unprotected, natural or unnatural nucleobase; 

23 R'^ is selected from the group consisting of hydrogen and a side chain of a 

24 protected or unprotected naturally occurring a amino acid; 

25 l2 is a hydroxyl group, a leaving group or a chemical bond; and 

26 each of j, g and h is the same or different and is independently zero or or an integer 

27 from one to five.; 

28 one of Pn and Pa is a hydrogen atom; 

29 (b) coupUng YloZ;and 

30 (c) oxidizing the trivalent phosphorus. 

1 37. The method of claim 36 wherein r6 is a group of the formula: 

w-c-c— 
I I 

2 H V3 

3 wherein 

4 the atoms or groups represented by each of Vi-'V3 is the same or different and is 

5 independently selected from the group consisting of hydrogen, methyl and ethyl; and 

6 W is an electron withdrawing group. 
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1 38. The method of claim 36 wherein l1 is selected fmm the group consisting of F, d, Br, I, 

2 and a secondary amino group of the formula: 

3 .Nr8r9 

4 wherein 

5 the groups represented by each of r8 and r9 is the sanK or different and is 

6 independently selected firom the group consisting of primary, secondary or tertiary alkyl groups 

7 having 1-10 carbons atoms, or are together selected from the group consisting of cycloalkyl 

8 groups having 5-7 carbon atoms which can contain one or two nitrogen, oxygen or sulfur aton^j 

9 as beteroatoms. 

1 39. The method of claim 36 wherein at least one Bis a protected natural or unnatural 

2 nucleobase, Ba, comprising a base labile protecting group. 

1 40. 



3 

1 41 

1 42 
2 



The method of claim 39 compiising the additional steps of: . 

2 (c) removing whichever ofPn and Pa is not the hydrogen atom; and 

(d) removing the base labile protecting group; 

The method of clahn 36 wherein said molecule is attached to a solid support 

The method of claim 41 compiising the additional steps of: 

(c) removing whichever of Pn and Pa is not the hydrogen atom creating a coupling 

3 site; and 

4 (d) coupling at least one other nucleotide or PNA moiety having a backbone 

5 protecting group to said coupling site. 

43. The method of claim 42 further comprising the additional steps of: 

(e) removing the backbone protecUng group creating another coupling site; and 

(f) coupling at least one other nucleotide or PNA moiety having a backbone 
4 protecting group to said other coupling site. 

1 44. The method of claim 43 wherein the steps (e) and (0 are performed a plurality of times. 

1 45. The method of claims 42, 43 or 44 wherein at least one Bis a protected natural or 

2 unnatural nucleobase comprismg a base labile protecting gioup. 
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1 46. The method of claim 45 further comprising the additional steps of: 

2 (g) removing the base labile protecting group; and • 

3 (h) cleaving said molecule from the solid support. 



1 47. 



The method of claim 46 further comprising the additional step of: 



2 (i) removing the backbone protecting group. 

1 48. The method of claim 39 wherein the PNA moiety has a backbone protecting group and the 

2 moiety has the formula: ^ 

Ba 

4 wherein 

5 ' Pg is an acid labile protecting group; and 

6 Ba is a natural or unnatural nucleobase having an cxocyclic ammo group protected by a 

7 base labile amino protecting group, 

1 49. The method of claim 39 wherein Ba is selected from the group consisting of adenine, 

2 cytosine, guanine, pseudo isocytosine, 5-methyl cytosine, isocytosine and 2.6-diaminopurine. 

1 50. A method for synthesizmg an acid labile amino protected backbone comprising the steps 

2 of: 

3 (a) providing an alcohol; 

4 (b) coupling the alcohol using a carbonyl equivalent to a diamine forming a carbamate 

5 protectmg group on one amino group; 

6 (c) forming an acetamide derivative with an amino group of said diamine not 

7 protected as a carbamate; 

8 (d) converting the acetamide derivative to a alkyl carboxy group. 
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51. The method of claim 50 wherein the alcohol is a benzhydrol derivative having the formula: 

Ai R4 pH Aio 

As, 




A3 T As a; y As 

A4 A7 

wheHrein 

each of Ai-Aio is the same or different and is independenfly selected from the group 
consisting of hydrogen, methyl, ethyl, n-propyl. isopropyl, n-butyl, t-butyl, hydroxy, methoxy," 
ethoxy, amide and ester groups; and 

r4 is selected from the group consisting of hydrogen, methyl and ethyl. 

52. The method of claim 50 wherein the diamine is ethylrae diamine ot methylene diamine. 

53. An add labile amino protected backbone having the formula: 

O 

H X 
Pg-N— (CH2)g>^N^(CH2)h'^0H 

wherein 

Pg is an acid labile protecting group having the formula: 




A2 

A4 A7 

wherein 

each of Ai-Aio is the same or different and is independently selected from the 
group consisting of hydrogen,methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, hydroxy, 
methoxy, ethoxy, amino and alkylamino groups; and 

r4 is selected from the group consisting of hydrogen, methyl and ethyl; 



'*^O»6/40709 PCr/US9«/07844 

- 85 - 

11 r7 is selected from the group consisting of hydrogen and the side chains of protected or 

12 unprotected naturally occuring a amino add; and 

13 each of g and h is the same or diffraent and is independcnly zero or an interger from one 

14 to five. 

1 54. The compound of claim 53 wherein the acid labile amino protected backbone has the 

2 formula: 



O 

OH 



3 H 

4 >^rein 

5 Pg is an acid labile jHJOtectmg group having the fomiula: 

0. 



Ai 


R4 


p 


Aio 












As 






A4 






A7 



6 

7 wherein 

8 each of Ai-Ajq is the same or different and is independently selected from the 

9 group consisting of hydrogen, methyl, ethyl, n-propyl. isopropyl, n-butyl, t-butyl, hydroxy. 
10 methoxy, ethoxy, amino and alkylamino groups; and 

^ ^ is selected from the group consistmg of hydrogen, methyl and ethyl. 

1 55. The method of claim 5 1 wherein the electron donating group is selected from the group 

2 consisting of alkyl, hydroxy and alkoxy groups. 

1 56. The method of using the compound of claim 1 as a therapeutic or antisense agent 

2 comprising the step of administering the compound of claim 1 to an organism. 

1 57. The method of using the compound of claim 1 as a primer in a polymerase reaction 

2 comprising the step of contacting the compound of claim 1 with a nucleic acid polymer. 

1 58. The method of using the compound of claim 1 as a probe for detection of a genetic 

2 material comprising the step of contacting the compound of claim 1 with a nucleic acid polymer. 
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Figure 1 




1. Sodixun Hydride 
Z Ethyl bromoacetate 

3, Lithium Hydroxide 

4, Hydrochloric Acid 

5, Sodium Dihydrogen Phosphate 




Mg = Magnesium 
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Figure 4 

CI C( 




1. (CCl30)2CX) 

2. DIEA 

3. ^s^^*^^^ 
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Figuxe 6 
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OH 




H 



OH o M^cHa 




2. H^HJO 



HM 



xvr 

o 



mi 



UN 




O 



XVIII 
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mV 



380' 
£50" 

see" 

150" 

100" 

SO" 

0" 



Figure % 

FN A oligomer sequence H2N-CTTCTCC-'CONH2 



10 



15 
Minutes 



£0 



30 



35 



Figixre I© 

PNA oKgomer sequence H2N-'CGCTATACCC-CONH2 




* 35 
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Figure || 
PNA/DNA Chimera sequence (crude): 
DMBhoC"HN-CACAC-CONH-lmker-5'-CCAGT-3'OH 




Minutes 
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Figure* 11,, 
PNA/DNA Chimera sequence (purified): 
DMBhoc-HN-CAO\C-CONH-linker-5'-.CCAGT-3'-OH 




10 . "i'S 
Minutes 



Figure 13 

PNA/DNA Chimera sequence (Gradient Only): 
DMBhoc-HN-CACAC-CONH-linker-5'-CCAGT-3'-OH 
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